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Ho! Ho! Ho! It's that time of year once 
‘More when turkeys run for cover and your 
favourite magazine is packed fullerthan 
Santa Claus’ sack It'salso the start of 
Volume 10, so Happy Birthday to Us. A lot 
has changed in ten years: integrated 
Circuits have advanced in leaps and 
bounds; there's been the introduction of 
Surface mount techniques and the. 
invention of the Compact Disc, NICAM: 
and HOTV. For readers of ‘Electronics’, 
the magazine Is thicker; projects bigger 
and better; magazine pages are brighter 
and my hair is greyer! You may be asking 
has the Editor had too much Christmas 
Spirit or is he going to reveal all that's in 
this issue? For all of you who are eagerly 
awaiting part two of Compuguard, you 
Can lurn to page 8 and build the infra-red 
transmitter and receiver/switch unit. A. 
Christmas issue wouldn't be complete 
without a seasonal project or two; there's 
the Christmas Star and the Zero Crossing 
Optoswitch to make Oxford Street's 
illuminations look tame! For TV-addicts 
there's a remote control to use with the 
NICAM TV Tuner. The MOSFET amplifier 
first appeared in Issue One of 
‘Electronics: it's here again, ten years 
on, ina revised form. There's an article 
on microcontrollers and the chance to 
win ferry crossings to France inan article 
‘about P&0, Ooh LaLa! Also the usual 
serials and regulars, plus a new column— 
Stray Signals taking @ humorous fook 
at electronics. So what are you waiting 
{for, put that mince pie down, read on and 
enjoy! 
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DATA FILE: 
$SM2016 


Presents a very low noise 
differential amplifier, ideal 
for use in professional audio 
applications. 


COMPUGUARD 


‘Part Two gives 
constructional details on the 
infra-red transmitter and 
feceiver/switch unit. The 
complete system affords 
protection to your car and 
{ts contents. 






NICAM INFRA- 
RED REMOTE 
CONTROL 


‘Multi-function infra-red 
temole control system allows 
operation of the NICAM TV 


Tuner Unit from the comfort 
of your armchair. 


CHRISTMAS 
STAR 


An easy to build novelty 
project that will add a little 
sparkle to your Christmas 
Tree. 


MOSFET 
AMPLIFIER 


This all time best selling 
Maplin project is updated, 
offering improved reliability 
and simplified assembly. 











4 6 ZERO- 
CROSSING 
OPTOSWITCH 


‘© Companion project to the 
Christmas Star allows mains- 
Operated decorative lights to 
be sequenced in an eye- 
Catching way. 


T/anehitent 

TO SINGLE CHIP 
MICRO- 
CONTROLLERS 


@Anauthoritative and 
Informative article on the 
architecture, applications 
and Use of microcontrollers. 


SQUARE ONE 


This beginners’ series 
compares analogue and 
digital systems, and delves 
into digital logioand boolean 


algebra. 


dines 





BAllaboard the S.S. 
‘Electronics’! Well not quite, 
but Alan Simpson does take 
alook at P&O's fleet and its 
technology. 


AUDIO 
FREQUENCY 
INDUCTION 
LOOP SYSTEMS 


Partthresin a series about 
the theory and practice of 
induction loop. syslems. 


“ 








4 6b COMPUTERS IN 
THE REAL 
WORLD 


8 Deals with the operating 
Principles of printers. 


TAPED 


W Part two on the principles 
of using magnetic tape as a 
fecording media. 


WHATIS 
SYSTEM X? 


6 
[ 





SMarion Heartield 
reveals how this new, 
‘communications network 
provides for the needs of 
tomorrow. 
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Radio Waves 


Medium-wave radio reports the IBA 
has recently been enjoying a revival, 
with most of the ILA stations providing 
Separate programming for their VHF 
and MF transmitters. As the number of 
new Incremental stations which only 
operate on medium-wave increases, 
attention has now tumed to measures 
to Improve AM receiver performance 
and even provide stereo. 

The main complaint of AM listeners 
is poor sound quality, mainly due to the 
audio frequency response of most 
receivers. This results partly from the 
kHz channel spacing on medium- 
wave imposing a limit on the width of 
the upper and lower sidebands, which 
extend above and below the carrier 
frequency by at least the highest 
modulating frequency. 

Some manufacturers already pro- 
duce AM receivers with a bandwidth of 
kHz, because they are also designed 
to receive AM stereo transmissions, 
such as the Motorola stereo system 
C-QUAM (Compatible Quadrature Am- 
plitude Modulation). This is currently 
being used in the U.S.A, Canada and 
Australia. AS yet there is no world 
‘standard for AM stereo, but Britain will 
probably be the first in Europe to adopt 
system, following tests which have 
taken place 

Early indications are that C-QUAM 
‘Stereo is entirely compatible with mono 
‘equipment and, while the audio quality 
and interference immunity cannot be 
as high as for VHFIFM, the addition of 
stereo is a worthwhile benefit, at least 
in the main service area of a medium- 
wave transmitter. With about 20 million 
decoder chips supplied worldwide by 
Motorola and around 575 U.S.A 
Stations already using C-QUAM, the 
IBA is now liaising with U.K. receiver 
manufacturers in preparation for its 
introduction into the U.K 


Mercury Calls 


A prototype light and compact PCN 
phone has been revealed by Mercury 
Personal Communications to be intro- 
duced when Mercury launches its new 
PCN service al the end of 1992. The 
comms company is investing over one 
billion pounds in creating a network 
which will seve some five million 
users. Details, Tel: 071-971-8125. 

Mercury Callpoint are doing their 
best to overcome the problem af those 
few remaining non-working BT call- 
boxes in London. Following an agree- 
ment with London Underground, sub- 
scribers to the Mercury Callpoint 
service will now be able to make phone 
calls from any of the capital's 248 
underground stations. Billed as ‘the 
Bhone-box in your pocket’, the Call- 
point personal phone will operate 
within a 100 metre radius of a base unit 
site. 

Meanwhile, Mercury has issued a 
new Personal Pocket Phone for cellu- 
lar network users. The NEC P3 model 
isa lightweight, slimline pocket phone 


va 








which readily converts into a hands- 
free carphone with an automatic 
answering facility. Battery life, a bain 
with most portable units, will stretch to 
20 hours standby and 80 minutes 
talk-time, The unit is supplied with 
spare battery and desktop slow 
charger. 

As watchful TV commercial viewers 
will have noticed, Celinet has re- 
sponded to rival announcements by 
more than doubling the capacity of its 
Network within the London area boun- 
ded by the M25. In engineering terms, 
Celinet's expansion within the area is 
the largest ever undertaken anywhere 
in the world. As weil as introducing new 
voice-channeis, the number of Cellnet 
cells will increase from 70 to 83. As a 
result, Celinet's network in this region 


Solar Cell Technology 


Sanyo Electric has announced what 
they claim to be a significant advance- 
ment in its amorphous solar cell 
technology with the introduction of a 
new flexible light-weight, solar cell film 
material. The new Amarton film, which 
is only 0-12mm thick and is flexible 
‘enough to form a small tube 10mm in 
diameter, can be shaped to conform to 
three-dimensional surfaces that would 
not normally accommodate fragile 





is now at least one and a half times the 
size of any altemative mobile phone 
network. Details, Te}: 0753-504-814. 








Getting (and Losing) a 
Jobin Computers 


Atlanta may have been selected as the 
venue for the 1996 World Olympic 
Games, but not ail locals are joining the 
cheering. Local high tech companies 
IBM and AT&T in common with many 
U.S. computer and comms companies 
such as Wang, Data General and 
Texas Instruments are eliminating 
thousands of jobs. 

Also in the job-cutting activity league 
is British Telecom. Apart from shed- 
Ging at least 6,000 managers, the 
corporation is said to be looking to lose 
some 80,000 employees aver the next 
five years. If this were the case then 
the BT workforce would have been 
reduced by a third 

UK. Education Minister John Mac- 
Gregor has made some startling 
discoveries. Computing he says is 
seen as a technology-based subject 
and, therefore a male preserve. Calling 
for more girls to enter the computer 
protession, he said that “gender 


stereotyping” must stop. MacGregor » 


Provided computer companies witit 
some heiptul advice when recruiting 
women. They should make contact 
with local schools and colleges: Con- 
duct a survey of the local female adult 
workforce; and introduce such staff 
facilities as career breaks, creches and 
part-time and home working. 

Carefully steering his comments 
away from the role of women in 
computers, the Duke of Kent, president 
of the Engineering Council, announced 
two special environmental awards, one 
for individual engineers or technicians 
and the other for engineering teams. 
He also called for three or four 
engineers to be altached to every 
secondary school in the country in 
order to present students with a clear 
idea of engineering today, Details, Tel: 
071-240-7891 


Dr Who? 

British Satelite Broadcasting however 
struck back at Sky by scheduling a 
fe-run of early BBC ‘Dr Who’ episodes 
The Time Lords it seems are capable 
of switching TV channels as well as 
intergalactic time zones. 





single or polycrystal cells, or conven- 
tional glassistainiess stee! substrate 
fiat panel cells. In addition, the film's 
light weight yields a power-to-weight 
ration of 200 milliwatts per gram, 10 
times that of conventional glass-type 
cells. The product's light weight and 
flexibility allows amorphous solar cell 
technology to be applied to a new 
range of solar-powered, pollution-free 
products. 





Call Me a Taxi 





Landis & Gyr a company which seems 
determined to implant payphones in 
every nook and cranny, revealed at the 
recent TIA 90 event their latest assault. 
This is the new Agifon 50 Taxi 
payphone which can be installed at 
clubs and hotels enabiing site owners 
to provide a contracted taxi service by 
means of a programmable button. 
Whatever happened to those whistle 
blowing commissionaires? 


Chips with Everything 
‘Computergram’ also reports that 1991 
will see a double-digit growth rate in 
chip sales. Following a small increase 
this year, the Semiconductor industry 
sees sales rising 12.5% to $25,700m 
next year and a near 20% increase to 
$66,600m in the following year. 

Meanwhile, a U.S. report is suggest- 
ing that state-ol-the-an supercompu- 
ters in the year 2000 will have more 
than 256 processors, each no bigger 
than 16 cubic centimeters. These 
systems of the future reports ‘Com- 
puterworld’ will have one terabyte to 
100 terabytes of memory and will boast 
speeds of 10 trillion floating-point 
‘operations per second. In the same 
period, chip densities will grow to one 
million gates per chip, compared with 
1,000 gates per chip today, 


The Mainframe 
Lives OK? 


‘News of the month without doubt must 
be the announcement. by IBM of its 
“System’390 for the Nineties’. So great 
are the implications that the PA 
Consulting Group believe it will take 
several months to fully appreciate the 
significance, IBM in its most compre- 
hensive announcement of products, 
features and functions in more than a 
quarter century, state that System/390 
—Wwith its broad array of product options 
~ is designed to meet the needs of 
users in the ‘90s. 

PA believe that the IBM release 
reinforces the continued existence of 
the mainframe. It could certainly do 
with a boost following the Pedder 
survey findings which suggest that 
1998 saw the U.K. mainframe market 
falling by 6% to £1.197m. At the same. 
time the business personal computer 
market grew by 25% to £2,846m. 


Don’t Blame the 
Hardware! 

One company which will look kindly on 
the new IBM mainftame announce- 
ment will be Hardware Environmental 
Protection Agency (HEPA, who have 
recently established their European 
operational HO in London. For HEPA 
the mainframe is far fram being down 
and out. It is flourishing and needing 
installation protection procedures more 
than ever. 
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In fact a recent HEPA survey 
suggests that hardware itself! now 
‘accounts for less than 25% of process- 
ing downtime, (from a figure of over 
50% ten years ago) while site infra- 
structure is now responsible for over 
50% of all installation operational 
problems, This figure says HEPA is set 
to increase to near 75% by 1995. 
According to Storm Larkins, chief 
executive of HEPA, “probably up to 
‘90% of all computer rooms we survey 
have environmental problems. With 
even a short processing shutdown 
creating considerable havoc in the 
company, the need for our services 


is greater than ever. Details, Tel: 
071-736-8312. 
Micros Fight Back 


Did you know that the number of PCs 
in the world now exceeds the popula 
tion of the U.K. IBM, not surprisingly 
continues to dominate the market 
followed at some distance by Compaq 
With the rest of the field accounting for 
the remaining 40%, competition is 
intense with price breaking rampant. 
Following the lead of Compaq who 
reduced prices across its micro board 
by some 225, Tulip weighed in with a 
price slash, The price slashing 
seems timely. According to Michael 
Naughton of consultancy Applied Net- 
work Research, several PC dealers 
have recently gone into liquidation and 
mote ate expected. Sales of PCs are 
sluggish and the situation could get 
worse before it gets better. 
(On the new product front, IBM lead 


the way with the introduction of PS!t 
together with a host of integration 
products. The new 288 PC which 


targets small businesses and the 
self-employed, which siots in below the 
popular PSI2, looks likely to become 
the industry pace setter. 

Also pitching for the professional 
business market is the new Amstrad 
Generation 3 range comprising the 
PC3086, 3286 and 3386SX which 
benchmarks at over three times the 
speed of the standard IBM PC-AT in 
eal life tests. For the first time, 
Amstrad has introduced metal casings 
for its PCs with increased emphasis 
being placed on component testing 
and quality control procedures. The 
new range spans the £549 to £1,599 
price bracket According to Malcolm 
Miller, Amstrad's Sales Director, 
desktop 386SX PCs are emerging as 
the standard equipment for the profes- 
sional user and this trend can be 
tacked right across Europe. Details, 
‘Tel: 071-836-6801. 


Toshiba Fights the 
Phantom Whistler 


The curse of the whistling phone has 
been solved by Toshiba. it seems that 
fax machines programmed with a 
wrong number, will happily dial ordin- 
ary telephones. Anyone answering the 
calls gets greeted with a high-pitched, 
electronic whistle. The problem is that 
the fax machines having failed to make 
contact the first time, will continue at 
least twice more to get through. Now 
Toshiba are redesigning their fax 
equipment to make no repeat calls 
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Laptop Wars 


Whether the newly released Panasonic 
Portable note-book PC emits ear- 
wrenching squeals has not yet been 
determined. Weighing-in at just 3-1Kg, 
(under 7ibs) the CF-270 PC features a 
standard 1Mb RAM expandable up to 
5Mb, a 20Mb hard disk with an average 
access time of 25ms and either 720Kb 
or 1-44Mb 3-5in, disks and a screen 
size of 192mm x 118mm. Prices start 
at £2,599. Details, Tel: 0344-853550. 
Epson have also released a new 
portable, the PC AX3/33 claimed to be 
the first 33MHz portable on the market. 
The portable runs MS-DOS 4:01 and 
‘comes with a standard RAM of 4MB 
expandable to 12MB. Weighing 


following the first incorrect call. Hope- 
fully other fax equipment suppliers will 
take note (preferably a high-pitched 
one) 

Meanwhile, network users can now 
send faxes directly from any applica- 
tion supporting HP laserjet and retain 
all the fonts and graphics that would 
normally be expected from a Laserjet 
printer. Users no longer have to leave 
their applications to send a fax, instead 
just two key strokes will allow them to 
enter coversheet information, access 
corporate of personal phone books 
and transmit their document in its 
original format at any time required. 
Details, Tel: Faxpress 071-721-7155. 


Ending with a Bang 

Essex police thought they were des- 
tined for promation when they called in 
the army bomb disposal unit in Brent- 
wood, Essex. But that suspect pack- 
age turned out to be — from the pieces 
retrieved from the biast— nothing more 
dangerous than a Toshiba laptop 
computer. Fortunately it was not 
attached to a lap at the time. 


Last Straw 


Those Iraqui's had better watch out. 
The Floya! Scots Dragoon Guards, one 
of the regiments assigned to the Gulf, 
are the first cavalry regiment to fix 
cellular telephones to their saddles. 
But according to the industry news- 
letter ‘Computergram’, there is some 
consternation as to whether the equip- 
ment will withstand the somewhat 
bumpy nde afforded by a camel 


1992 and EMC 


1992 has been hailed as the dawn toa 
new era af European trading, co- 
operation and market freedom: promis- 
ing benefits to Joe Soap and Mega 
Corporation alike. However it is not 
entirely a rosy tale. 

‘So what is so important about 1992 





7-85kg, it features @ full 89-key 
keyboard and is priced at just under 
£6,000. Next year should see the 
arrival of a colour version. Details, Tel: 
071-734-6030. Epson believes that’ 
with the high performance capabilities 
now available and increasing demands 


on desk space, portable products are 


becoming more and more important as- 
replacements for traditional PCs, 
accounting for at feast 20% of the total 
UK PC markst by 1992. Toshiba 
agrees. With a 65-1%% share of the UK. 

portable PC market, the company is 
doubling output in order to meet the 
Surging demand. Toshiba in fact also 
dominates the mains-powered sector 
with 85% of the market and holds the 
top three model places. 


and EMC, well it is not a new updated 
version of Einstein's famous E=MC? 
formula. EMC is the abbreviation for 
electromagnetic compatibility, which in 
simple terms is the ability of electronic 
equipment to live harmoniously with 
the world at large. This encompasses 
both immunity to electromagnetic in- 
terference (EMI) and prevention of 
spurious radiation of electromagnetic 
interference. 


Picture Caption Challenge 





Just what on earth is going on here? 

Is it: 

* Richard Branson's latest 
atlantic crossing atlempt. 

* A satelite TV Detector Van. 

* A device for replenishing the ozone 
layer. 

% Filming of the latest Holywood 
blockbuster — Teenage Mutant Hero 
Bumbie-bees. 

* Trials of 2 new high-tech way of 
beafing taffic jams on the M25 
London Orbital Car Park 


trans- 





It is the responsibility of the design 
engineer and manufacturer to ensure 
that EMI is neither radiated at un- 
acceptable level by a piece of electro- 
nic equipment, nor its operation unduly 
affected by ‘nearby’ sources of EMI. in 
the past non-compatibility has caused 
unnecessary loss of life; in Japan two 
workers were killed when a computer 
controlled drilling machine malfunc- 
tioned due to EMI, Computer hard- 
ware, security surveillance and alarm 
equipment have all been responsible 
for interfering with the operation of 
catdiac pacemakers, killing the implan- 
tee. Less serious cases involve the 
malfunction of petrol pumps when CB 
radios are operated in the vicinity (not 
always to the benefit of the customer!). 

The UK. electronics industry is ill 
Prepared for major new specification. 
that come into force on 1st Januar’ 
1992. There are many excuses used to 
justify’ the reluctance of early prepara- 
tion; “The standards are not defined, 
so how can we meet standards that 
don't exist!" or “It probably won't be 
enforced, so we won't bother!” The 
issue here is that when the standards 
are published, the directives will be- 
come madatory. Anyone wishing to 
evade regulations, plead ignorance, 
etc, is likely to a stay at ‘Her Majesty's 
Pleasure’. In a similar way to the 
enforcement of Health and Safety 
requirements, the EMC regulations will 
bbe legally enforced with court action, 
fines and jail sentences. Although it is 
unlikely that an equivalent to TV 
detector vans will be introduced, the 
DTI will however investigate and 
uphold complaints. In the case of 
interference being introduced ‘back- 
wards" into the mains supply the D of E 
would become involved too 

The regulations cover all manner of 
equipment from car electronic ignition 
systems 0 personal computers, 
vacuum cleaners to oscilloscopes and 
many other items besides. Itis interest- 
ing to note that a common complaint 
from radio amateurs’ is the ‘nash’ 
produced by the U.K.’s ever enlarging 
cellular telephone network! It could be 
time for some big organisations to 
clean up their act. 


* The Government's latest weapon 
against the Anti-Pol) Tax movement. 
Well, actually it is a Canadair Cl-227 

Sea Sentinel. unmanned air vehicie 

(UAV) undergoing shipboard trials 

onboard a U.S. Ship at the Pacific 

Missile Test Centre near Los Angeles, 

California. The UAV successfully dem- 

onstrated take-off and landing on the 

ship which was travelling at six knots. 

‘The vehicle carried a television camera 

payload and provided real-time video 

transmission back to the ship. 














‘Data Files’ are 
intended as 
‘building blocks’ for 

constructors to — 
experiment with and 4 
the components 
supplied providea 
good starting point 
for further 
development, 








by Gavin Cheeseman 





FEATURES : 


* WIDE SUPPLY VOLTAGE RANGE * LOW NOISE * HIGH SLEW 
RATE (10V/us) * TRUE DIFFERENTIAL INPUTS * LOW DISTORTION 


| [ APPLICATIONS >>> BALANCED INPUT STAGES 


























; range of power supply voltages nti achieve optimum noise and 

Introduction between =SV and =36V andis Ic Description common mode rejection whilst 
The SSM2016 isa versatile capable of output source and Figure 2 shows the block retaining a high input 

differential amplifier IC which sink currents up to 40mA. Figure | diagramofthe SSM2016.TheIC | impedance. 
can be used in many lshowstheICpinoutandTable | operatesasa true differential The ICuses an internal 
applications including lshows some typicalelectrical | amplifier with feedback servo amplifier to control 
microphone preamplifiers and characteristics for the device. retumed directly tothe emitters | the inputstage current, 
balanced input stages. The The IChasatrue balanced input | ofthe inputstage transistors. independent of common 
device will operate over a wide and single ended output. Using this system itis possible to | mode voltage. 
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} Na 
VO VESE SOS SE SOS TELE SE SS 
Parameter Conditions Min Typ Max 
Supply voltage +9V =15V +36V 
Supply current 12mA 16émA 
Slewrate 10V/us 
Output voltage swing Load = 6002), =15V +11V 
+ 20V Supply 
Output current Source 40mA TOmA 
| Sink 40mA 70mA 
Input current RMS 350pA S50pA 
Powersupply rejection ratio 90dB 100dB 
Bandwidth (—3dB) >IMHz 
Differential mode input impedance gMQ 
Total harmonic distortion 
Table 1. Typical electrical characteristics, 
i influence isthatoftemperature | Thereare several methods of ornon-inverting. An alternative 
Noise Ferierayan ati and power dissipation. The achieving this conditionand method isto float the transducer 
foreolires impedan oe below Ik SSM2016 uses a copper lead some examples are shown in and use two resistors to set the 
dnd under Resesannitionate frame package whichaidsheat | Figure3.Theusualmethodisto | biaspointas shownin Figure 3b, 
| Capable of extramalndood ietse’ dissipation butevensothebest | groundoneendofthe The value of the resistors should 
{4 SOrmaceine peed g Je, noise performance isachieved | transducer (Figure 3a). generally be kept below 10kto 
td Pe riioa ERIC when drivinglightloadsatlow | Depending whichendof the limit common mode noise. A 
y Flare) Soe typically aroimd power supply voltages. transducer is grounded, the balanced transducer may be 
y Tasty Bhoulal ne wold heros amplifier will either be inverting | connected directly to the IC 
that careisrequiredtoachieve | Inputs 
optimum performance, as many The SSM2016 inputs are its da 


factors influence the operation of 
the device. High source 
impedances should be avoided 
as this is a major cause of 
degradation in noise 
performance, A more subtle 


fully floating; however, care 
must be taken to make sure that 
both inputs have a DC bias 
connection which is capable of 
maintaining them within the 





input common mode range. 
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Figure 1. 1C pinout. Figure 2. Block diagram. 
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Figure 3. Connecting transducers for high noise immunity. 
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yl Overall distortion at +60dB gain. 
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Figure 4. Typical distortion characteristics. 


without any additional bias 
components as shown in Figure 
8c, and this type of transducer 
provides the best degree of 
noise immunity. 


Drive Capability 
The device is capable ofa 
relatively high drive level, andis 
designed to drive ajack field 
directly. A = 18V power supply 
will typically allow a 6009 load to 


be driven withasine waye upto 
10V RMS, although a + 20V_ 
supply will give more 
comfortable headroom. 
Although the IC will operate at 
power supply voltages up to 
= 36V, caution is required at 
alltimes to make sure that the 
package dissipation limits are 
not exceeded. 

The —3dB bandwidth of the 
device varies with gain andis 
typically in excess of IMHzat 
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Overall distortion at +40dB gain. 


gains below 100. Slew rateis, 


however relatively independent 


ofgainandis typically 
10V/us. 

Figure 4 shows typical 
distortion characteristics for the 
ICundera variety of operating 


_conditions, The graphs shown 


are based on an output level of 
10V RMS and providea 
reasonable indication ofthe IC's 
performance under worst case 
conditions. 


Kit Available 

Akitof parts, including a 
high quality fibreglass PCB with 
printed legend is available fora 
basic application circuit using 
the SSM2016. Because the circuit 
may be used in many varied 
applications some of the 
components used in the kithave 
beengiven arbitrary values 








suitable for general purpose use. 


Inmany cases it willbe 
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Figure 5. Module circuit diagram. 
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Figure 6. PCB legend and track. 


Necessary tomake small 
changes in order to adapt the 
circuit for different purposes. 
Figure 5 shows the circuit 
diagram of the module and 
Figure 6 shows the legend. 

The module operates from 
a splitrail power supply of 
between 29V and =30V which 
is capable of supplying at least 
50mA. It is important that the 
power supply is adequately 
decoupled to prevent mains 


derived hum from entering the 
circuit via the supply rails. Power 
supply connections are made to 
P1(+V), Pa(0V) and P3(—V). 
Additional PCB pins P16(+V), 
P17(0V) and P18(—V) are 
included for power supply 
connections to auxiliary 
equipment; the maximum 
current drain from these pins 
should not exceed 1A. 

Inorder to provide 
simultaneous outputs to several 











Figure 7. Wiring diagram. 


Pieces of equipment, 6 output 
pins have been provided. The 
outputs are directly coupled 
and, to save space, each pair of 
outputs shares a common earth 
pin. Although output DC offsets 
are usually negligible itis 
recommended that capacitive 
coupling is used at the output in 
situations where small offsets 
area problem. Input 
connections are made to 
‘P4(+input), P5(0V) and 
P6(—input) and outputs are 
taken from P7-P15 (pins P8, Pll 





preamplifier. Itis possible to set 
different gains by fitting 
resistors of different value in 
place of R3. Approximate gain of 
the circuit is given by the 
following formula where R3 to R7 
are the values of the 
corresponding resistors in the 
circuit expressed in ohms: 
—R4+R5, R4+ RS 
Gas Ree RTT! 
Itshould be remembered 
that the actual gain figures 
achieved may vary slightly from 




















Power Supply voltage + 10Vto + 30V and Pare outputOV. the calculated value due to 
Power Supply Current connections). Figure 7 showsthe | component tolerances, The gain 
(Quiescent) 13mA (+ 15V Supply) ‘wiring information. of the module is approximately 
Voltage gain 27dB * 27dB using the resistor values 
Maximum Input Voltage for Using the Module | suppiedinthe kit. 

Output Clipping (at 1kHz) 425mV RMS (= 15V Supply) The circuit may be used in Finally, Table 2 shows the 
many different applications specification of the prototype 
requiring a balanced input preamplifier. 

Table 2, Specification of prototype. 
SSM2016 PARTS LIST SEMICONDUCTORS = ; arn) 
: MISCELLANEOUS 

RESISTORS: All 0-6W 1% Metal Film Pe StS Bee) 

R12 10k 2 (M10K) Le ep : ered 

RS 4700 1 (M470R) PCB 1 (GE74R) 

oa ne 2 te Constructors’ Guide 1 (SH7SL) 

Bae aes a (aaKs) Instruction Leafiet 1 (xK40T) 

CAPACITORS j Z 3 

§ The above items are available as a kit: 

C12 100F 63V PCElectrolytic 2 (FF12N) 

C3 4T0pF Ce ic 7 (W640) | Order As LP44X (SMM2016 Diff Preamp) Price £12.45 

ae ae 7 Me) The following item is also available separately 

csi S1pF Gane i (wxszc) | __ __ but is not shown in our 1991 catalogue: 

C8 39pF Ceramic 1 (WXSIF) Diff Audio Preamp PCB Order As GE74R Price £5.45 





December 1990 Maplin Magazine 


Fully programmable 
Low power consumption 


Infra-red arm/disarm remote control 


Optional battery backup 





Part 2 by Tony Bricknell 





Suitable for all negative earth vehicles 
Microprocessor controlled 


Alarm system can be activated with 


hazard lights flashing 








Resumé 

In part one of Compuguard we looked at 
the construction of the main control unit. In 
part two, the construction of an infra-red 
transmitter and IR receiver/sensor pro- 
gramming module is described, as well as full 
details on installing and operating the 
complete security system in your vehicle. 


Infra-red Arm/Disarm 


Control 

Many vehicle alarms presently on the 
market offer a radio remote arm/disarm. 
Unfortunately, most of these are illegal in 
this country, carrying fines of up to £2,000 
8 





for anyone caught using such a system! 

Compuguard uses a completely legal 
infra-red remote that transmits a code just as 
difficult to ‘crack’ as its illegal radio 
counterparts! 


Infra-red Transmitter 


Circuit Description 

In addition to the circuit diagram shown 
in Figure 1, a block diagram is detailed in 
Figure 2. This should assist you when 
following the circuit description or fault 
finding in the completed unit. 

The infra-red transmitter outputs an 
amplitude modulated carrier. This carrier is 
generated by IC2 and associated circuitry. 





IC] provides a stream of data corresponding 
to the conditions set on pins 1 t09 (high, low, 
or floating). This data is used to modulate the 
carrier and is transmitted from LD2 via TR1. - 


Infra-red Transmitter 


Construction 

A glass fibre PCB has been chosen for 
maximum reliability and stability. To allow 
the PCB to fit into the key-ring remote case 
no IC sockets have been used, so please 
double check the orientation of the IC’s 
before fitting as removal after incorrect 
insertion will almost certainly damage the 
chip! For further information on component 
identification and soldering techniques, 


Maplin Magazine December 1990 





















































Figure 1. Infra-red transmitter circuit diagram. 





ic2 


Carrier 
generator 








ict 











Trinary state 
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Figure 2. Infra-red transmitter block 
diagram. 


please refer to the Constructors’ Guide 
included with the kit. 

Figure 3 shows the PCB, with printed 
legend, to help you correctly locate each 
item. The sequence in which the compo- 
nents are fitted is not critical, however the 
following instructions will be of use in making 
these tasks as straightforward as possible. 

Start by fitting resistors R1 to R11, 
taking note that R5 is a larger, metal film 
resistor. Using off-cuts from the leads of 
these resistors, insert link LK9. LK1 to LK8 
set up the code transmitted. With reference 
to Figure 4, there are three ways of 


connecting the links (well, two ways, the 
third is to leave them out). The purpose of 
these codes is to make your transmitter 
‘unique’ so that only you will be able to 
control your alarm. If you are constructing 
several of these alarms, each unit must have 
a different code or one transmitter will 
control several alarm systems! 

Insert S1 and XT1, bending the crystal 
flush to the PCB as per the legend. 

Insert and solder C1 to C3 taking care 
of the orientation of C1. The pofarity of this 
capacitor is shown by a plus sign (+) 
matching that on the PCB legend. However, 

















Figure 3. PCB and legend. 
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Figure 4. Three ways of fitting links 
LK1-LK8. 








on the actual body of most electrolytic 
capacitors the polarity is designated by a 
negative symbol (—), in which case the lead 
nearest to this symbol goes in the hole 
nearest the edge of the PCB. 

With reference to Figure 5, insert LD1 
ata height of 7mm. The best way to do this is 
to cut a thin strip of card 7mm wide and place 
this between the legs of LD1 and the PCB 
whilst it is soldered. Bend the legs of LD2 at 
90° as shown in Figure 6 and insert into the 
PCB at a height of 3mm. 

Identify the two battery clips. The 
positive terminal (a small metal plate) is 
soldered into the slot labelled ‘+’ or ‘PI’. 
The negative terminal, or ‘spring’ is soldered 
in the hole marked ‘—" or ‘P2’. The spring 
may need bending slightly to allow it to fit 
snugly in the box. 

Insert diode D1 taking care of its 
orientation. The band at one end corres- 
ponds to the thick white line on the legend. 
TR1 is inserted matching its package outline 
with that of the legend. Install the IC’s 
making sure that all the pins go into the holes 
and the pin number one marker or notch at 
one end of the IC package matches up with 
the white block on the legend. Take great 
care while soldering the IC's in place, 
allowing several seconds between solder 
joints for the IC to cool down! As a guide, do 
the four comers first, ensuring that the IC is 
flush with the board. Then you can solder the 
remaining pins. 


Photo 3. The Infra-red Receiver and 
Switch Unit PCB fitted into its box. 
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Figure 5. Inserting LD1 ata height of 7mm. 
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Figure 6. Fitting LD2. 
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Photo 1. The Infra-red Transmitter Unit with PCB and Battery installed, prior to final 
assembly of the case. Inset: Photo 2. The assembled Infra-red Receiver and Switch Unit PCB. 





Make a hole ¢Smm 
in box for LD2 




















File lower recess 
out to 8x3mm 






































Figure 7. Filing dimensions for transmitter 
box. 
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Figure 8. Fitting the membrane. 
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Figure 10. Sensor programming/IR receiver block diagram. 
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Figure 11. PCB and legend. 
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Figure 12. Connecting the IR Rx links 
LK1-LK8. 


Boxing the Infra-red 


Transmitter 


If the remote key-ring box comes with 
two switch actuators fitted then these need 
to be removed by pulling/breaking the 
actuator shaft. File the lower of the two 
inserts out to the dimensions shown in 
Figure 7. A 5mm hole also needs to be cut in 
the top end of the box for LD2, as shown. 
This is best achieved by carefully filing each 
half of the box with a round file, making 
frequent checks by placing the PCB inside 
the box to ensure that a correctly sized 
cut-out is achieved. 

With reference to Figure 8, cut the 
flexible membrane into two pieces, 7-5mm 
and 10-5mm long. Remove the paper 
backing and stick them into the upper (small) 
and lower (large) recesses respectively. 

Double check your PCB to make sure 
there are no dry joints or short circuits and 
assemble the box around the PCB, inserting 
the battery (not supplied in the kit) taking 
care of its polarity (marked on the bottom of 
the battery compartment). The whole 
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Figure 13. Stripping the multi-core cable. 
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Figure 14. Cutting dimensions for the box. 
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Figure 15. Fitting the PCB. 
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Figure 16. Cutting and fixing the display filter. 
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Photo 5. Optional Remote Infra-red Receiver. 





is screwed together with the 
ew provided, 
he only thing left to do now is to 
depress the larger membrane upon which 
the red LED LD1 should flash very quickly. 
Photo 1 shows the Infra-red Transmit- 
ter Unit with PCB and Battery installed prior 
to final assembly of the case. 


assembly 
single 

















wugL 

















Figure 17. Constructing the optional 
remote IR receiver. 


Sensor Programming/ 
IR Receiver Circuit 
Description 

A circuit diagram is shown in Figure 9, 
as well as a block diagram in Figure 10 to 
complement the circuit description and 
assist fault finding on the completed unit. 

Infra-red transmissions from the key- 
ring are picked up by IR1 and fed into IC2 
December 1990 Maplin Magazine 












Switch-IVRX PCB | Colour Usea | Compuguar 

1 TB1-4 

2 TB1-3 

3 TB1-8 

4 TBET 

5 TB1-6 

6 s TB1-5 

(i TB1-2 

8 TBE 

9 TB2-1 

10 TB24 

ll TB2-5 

2 TB28 

13 TB2-7 

14 ~ Screen TB2-8 

15 TB2-2 

16 i ee 
Table 1. Connection of the 15-way cable. 


















Photo 4. The complete Infra-red Receiver and Switch Unit. 


which strips off the carrier leaving only the 
bare digital data stream. This is fed into IC1 
and if the code received is the same as that 
set on pins Al to A9, the output pin 11 
becomes active. 

LED LD8 is used by the main control 
unit to indicate the status of the alarm 
system. It illuminates on receipt of a valid 
arnvdisarm code from the IR-Tx, flashes 
when the alarm is armed, and remains 
constantly on when the alarm has been 
triggered. 

SW1 - SW7 control which sensors are 
deactivated. Under control of the main unit, 
@S soon as the position of one of the switches 
is altered, TR1 switches on, allowing LD1— 
LD7 (depending on the position of the 
switches) to illuminate. If the switches are 
left unaltered for twenty seconds, TR1 is 
turned off to conserve battery power. 

















Sensor Programming / 
Infra-red Receiver 
Construction 

For maximum reliability, a’ glass fibre 
PCB of the double-sided, plated-through 
hole type has been chosen, see Figure 11. - 
However, because the holes are plated 
through, removal of a misplaced component 
will be quite difficult, so please double-check 
each component type, value and its polarity 
where appropriate, before soldering! 

With reference to Figure 12, start 
construction by inserting links LK1 — LK8. 
These links must match those previously set 
on the infra-red transmitter. Next, insert 
and solder resistors R1—R11, switches S1- 
S7, and C4. Insert LD1 — LD7 at a height of 
3mm above the PCB. Insert LD8 and IR1. 
do not bend IR1 to match the legend just yet. 
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Figure 18. Connecting the 4-core cable. 


Turn the board over and solder all the 
remaining components, ensuring the pack- 
age outline of TR1 matches that shown on 
the legend. Take care of the polarity of C1, 
that the plus sign (+) on the PCB legend 
matches that on the capacitor’s body. 
However, on the actual body of most 
electrolytic capacitors the polarity is desig- 
nated by a negative symbol (—), in which 
case the lead nearest this symbol goes in the 
hole furthest away from the edge of the 
PCB. 

Insert IC1 and IC2 matching the pin one 
designator or notch at one end of the 
package with the white block on the legend. 
Take great care while soldering the IC's; 
because of the depth of the box chosen, no 








IC sockets can be used and, as before, 
several seconds will have to be allowed 
between each solder joint for the IC to cool 
down! 

Double check your work for any dry 
joints or stray strands of solder which will 
cause short circuits and bad connections, 
and bend PD1 through 90° to match the 
legend. 

Photo 2 shows the assembled Infra-red 
Receiver and Switch Unit PCB. 

Strip a length of 15-way multi-core 
cable as shown in Figure 13, and make 
connections to the switch assembly PCB, 
holes 1-8 and 9-16. Because, unfortunately, 
would-be thieves could be reading this 
article, no colours are given for the 


Main Unit and Infra-red Receiver p= il 


oltage 
Supply Current Disarmed @ 12V 
Supply Current Armed @ 12V 
Back-up Battery Charge Current 
Operating Time on Battery Back-up 
(Depending on Siren) 
Central Locking Lock/Unlock 
Pulse Duration LK1 Installed 
Central Locking Lock/Unlock 
Pulse Duration LK2 Installed 
Exit Delay 
Alarm Cycle Time 








Infra-red Transmitter 


Supply Voltage 
Supply Current @ 12V 








Table 2. Specification of prototype Compuguard system 


as you 
build... 

















connection of the multi-core cable so that 
every alarm system is unique, but note that 
the screen must be connected to hole 
number 14. Using a pencil, mark on Table 1 
the colours you have chosen for connections 
1.16. This will be essential when connecting 
the other end to the main control unit. 


Boxing the Infra-red 
Receiver/Switch 


Assembly 


Drill and file an ABS Box 2002 to the 
dimensions given in Figure 14. Insert the 
multi-core cable through the 6mm hole and 
fix the PCB to the box using Yin. 8BA 
countersunk screws, washers, and nuts as 
shown _in Figure 15. Fix the screened panel 
over the switches. Cut the red display filter 
to the dimensions shown in Figure 16 and 
glue it to,box above the screened panel. 


Optional Remote 


Infra-red Receiver 
Depending on the position of installation 
within the passenger compartment, it may 
be required to mount the infra-red receiver/ 
switch assembly out of sight. A remote 
infra-red receiver diode/status LED will 
have to be mounted in a potting box as 
follow 
With reference to Figure 17, cut two 
holes in a miniature potting box (LH56L), 
Cut a strip of red display filter to the 
dimensions shown and glue over the top of 
the potting box (using FL43W or similar). 
Instead of soldering LD8 and IR1 onto the 
PCB, attach them to the end of a length of 
4-core screened cable as shown in Figure 
18. Drill a second hole in the’ back of the 
switch assembly box to accept this cable and 
carefully solder it to the bottom of the PCB 
as shown. Place LDS and IRI into their 
respective holes in the potting box and fill 
with potting compound. Leave the entire 
assembly overnight to harden fully. 





Table 2 gives the full specification for 
the complete Compuguard Vehicle Alarm 
System. 

Full details on how to install the system 
into your car, testing procedures and 
general information on the upkeep of the 
system are provided on the leaflet supplied 
with the kit. 
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MISCELLANEOUS 
COMPUGUARD I/R RX i heaaee i (UiKEOR) 
PARTS LIST SWL7 SP Slide 7 (FF77)) 
tea ee 
rie guard 1 
RESISTORS: All 44W Carbon Film Compuguard UR Rx PCB 1 (GES6L) 
R 10k 1 (U10K) Red Display Filter. 1 
Re 100k iM (U100K) 4 Pairs lin. Velero 1 (FE45Y) 
R39 lk 7 (IK) C/S Screw SBA x Min, 1 Pkt (LROOA) 
R10 33R 1 {U33R) ‘Nut BBA 1 Pkt  (BFISV) 
Ru 220R 1 (U220R) Shake Washer 8BA 1 Pkt (LROIB) 
Riz 220k } aes Constructors’ Guide it (XH79L) 
R13 47k (UA7K) i 
Ris 15 1M 2 (UIM) Hegoaction Lestat By asa 
OPTIONAL (Not in Kit) 
CAPACITORS . i ini H56L) 
a 100uF 10V Minelect 1 (RKSOE) Be Coe t en 
iS 100aF Minidisc a (YRIBS) Quickstick Pads 1Stp (HB22Y) 
ce 22nF Ce sane Z Wed Multi-Core 1a-way As Req (XR28F) 
C4.9,10 10aF Cer ) Core 4 ’ 
a ree foe ae Multi-Core 4-way Screened As Req (XR25C) 
6,7 4n7F Ceramic 2 (WX76H) 
The above items, excluding Optional, are available as a kit: 
SEMICONDUCTORS Order As LP23A (Compuguard IR Rec/Sw) Price £19.95 
TRI MPSA65 1 (QHEIR) The following items are available separa 
Ic M145028 1 (UJ51F) Compuguard UR Rx Panel Order As (JR73Q) Price £2.95 
Ic2 TDA3047 1 (UL250) Compuguard /R Rx PCB Order As (GES6L) Price £5 
LD18 Shape LED C2 Red 8 (YH72P) Compuguard RwTx Leaflet Order As (XK35Q) Price 50pNV 
TRL Infra-red Photodiode 1 (YH7IN) 
= so 
LD1 Mini Red LED 1 (WL32K) 
COMPUGUARD I/R TX Lb2 Infra-red Emitter 1 (YH70M) 
PARTS LIST 
RESISTORS: All YW Carbon Film (Unless specified) MISCELLANEOUS 
RI 47k 1 (us7k) —SWA Tact Switch Type A 1 GRSgW) 
R2 100k 1 (U100K) XLT Crystal 32-768kHz 1 (ujo2c) 
Rod 10k 4. g2 (U10K) Compuguard Tx PCB 1 (GE57M) 
R5 2M2 Metal Film 1 (M2M2) Keyring Remote Case 1 GR9OX) 
RG 22k 1 (U22K) Remote Case Panel 1 GR92A) 
R7 470k 1 (US70K) Constructors’ Guide 1 (XH79L) 
RS 3k 1 (U3K3) Instruction Leaflet 1 (XK35Q) 
R910 1k 2 (U1K) 
Ri 4R7 1 (USR7) OPTIONAL (Not in Kit) 
12V Lighter Battery 23A 1 UGa1y) 
CAPACITORS 
a A7MF 16V Minelect 1 (vv37S) : 
ce 4n7F Ceramic 1 (WX76H) The above items, excluding Optional, are available 
C3 390pF Ceramic 1 (WX63T) Order As LP24B (Compuguard IR Tx) Price £ 
< ‘The following items are available separately: 
[CONDUCTORS Tact Switch Type A Order As (JR89W) Price 36p 
IN4148 1 (QL80B) Compuguard Tx PCB Order As (GE57M) Price £2.25 
ZTX300 1 (QLAGA) Keyring Remote Case Order As (JR9OX) Price £1.20 
M145026 1 (UJ49D) Remote Case Panel Order As (JR92A) Price 32p 
LFa51 1 (WQ30H) 




























A COMPLETE EDUCATIONAL 
‘BUILD-IT- YOURSELF’ ELECTRONIC STARTER KIT 
WITH FULL STEP BY STEP VIDEO INSTRUCTIONS 


Enables the inexperienced to construct a working loudspeaker radio receiver. 
Ideal introduction to the mysteries of Electronics. 
The NEW video starter kit will help to unravel its 
unique features and includes: 
Componentidentification * Circuitboard construction 
Soldering Testing and applications Fault finding 
Kit comprises— Instructional Video and all loudspeaker 
radio receiver parts (PP3 battery not included). 





SPECIAL 
STARTER KIT 
PRICE 


CREDIT CARD 
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Newnes Amateur 
Radio Computing 
Handbook 

by Joe Pritchard 


‘Showing how computers can be used 
by radio amateurs or short wave 
listeners, and how the enthusiast can 
spend as much time ‘listening’ to 
signals by reading text off a computer 
display as by donning the headphones. 
The widespread availability of small 
computers has changed the lives of 
these radio enthusiasts. ‘Old’ modes of 
communication, such as morse code 
and even voice, have been joined by 
new, computer-based methods of 
communication. In addition, older 
modes of machine to machine 
communication, such as radio teletype 
(RTTY) are now being performed by 
silent computers rather than large, oily, 
clanking teletype machines. 
Computers are also used as design 
Circuit tools, to replace test equipment, 
toact as filing clerks and even to 
control receivers and transmitters, 
Listeners use them to decode 
meteorological information and signals 
from amateur radio satellites. 
Computers are even used to predict 
which frequencies to use for the best 
results. 

Contents include basic radio principles; 
basic computer principles; software for 
electronic design; logkeeping and QSL 
card software; satellite and 
geographical software; miscellaneous 
software; interfacing the computer to 
the radio; morse code; RTTY and 
ASCII; AMTOR; SSTV and FAX; 
packet radio; commercial decoders; 
controlling a radio with a computer; 
computer assisted circuit development 
and appendices. 

1990. 214 x 138mm. 363 pages, 
illustrated. 


Order As WT17T (Amateur Radio 
Comp) Price £14.95 NV 
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Electronic Test 
Equipment Handbook 
by Steve Money 


In most applications of electronics, test 
instruments are essential for checking 
the performance of a system or for 
diagnosing faults in operation, and so it 
is equally important for the amateur 
projects designer and builder to 
understand how the basic test 
instruments operate and how they 
‘should be used as itis for the 
professional engineer or technician, 

In this book the principles of the 
various types of test instrument are 
explained in simple terms with a 
minimum of mathematics. The 
hobbyist's biggest problem is most 
probably that, unlike his professional 
counterpart in the industry, he does nat 
have ready access to a vast armoury of 
sophisticated or otherwise test and 
measurement instruments, but test 
gear of some descriptionis, as 
experience will show, vital even for the 
most modest home-brewed circuit. The 
problem is going to be what to choose 
given a limited budget. Here you will 
find described a wide selection of test 
instruments ranging in compiexity from 
the humble continuity tester through 
analogue and digital multimeters to the 
next most popular item, the 
oscilloscope, followed by signal 
generators and finishing with computer 
controlied testing equipment. By 
reading this book you will be able to 
ascertain precisely what you need for 
your own particular ‘field’. 

1990. 216 x 134mm. 206 pages, 
illustrated. 

Order As WT18U (Elec Test Equip 
Hdbk) Price £8.95 NV 








Microprocessor 
Interfacing 

by R. Vears 

Principally this book covers the BTEC 
level Nill Microprocessor interfacing 
syllabus U86335, and can be 
regarded as a comprehensive textbook 
‘on the subject of interfacing 
microprocessors to external 
peripherals and sensors. The aim is to 
provide the reader with a foundation in 
microprocessor interfacing techniques, 


in both hardware and software, so that * 


interface problems can be identified 
and solutions devised. Each topic is 
presented in a way which assumes, on 
the part of the reader, some prior 
knowledge of electronics and, as far as 
Programming is concemed, some 
familiarity with assembly. The text 
concentrates on the widely used 6502, 


80 and 6800/6802 microprocessor 
families, and so is directly applicable to 
many 8-bit home microcomputers and 
‘breadboard’ systems using these 
popular microprocessors. Basic details 
of typical interfacing devices for each 
of these are included in the text, but the 
reader is encouraged to obtain 
complete data sheets for such a device 
when the need arises to solve an 
interface problem. 

Copious amounts of detailed hardware 
and software examples are provided 
covering signal amplification and 
filtering to condition the output from 
extemal sensors and make them logic 
compatible, D/A and A’D conversion, 
data transfer techniques including STD 
and IEEE-488 bus protocols, and 
paratlel and serial l’O including the 
EIA-RS232 standard. Well 
recommended for anyone planning to 
communicate a home built 
microprocessor system, no matter how 
modest, with another computer or 
electronic peripherals including relays, 
motors, sensors and opio-isolators etc. 
1990. 226 x 150mm. 200 pages, 
illustrated 


Order As WT14Q (MCP Interfacing) 
Price £10.95 NV 











Automobile Electrical 
and Electronic 
Systems 


A ‘Haynes’ Manual 
by Tony Tranter 


This book meets the need for a clear 
explanation of modem electronic 
equipment used in the car, and has 
been written with the co-operation of 
the major manufacturers. Few subjects 
can be developing more quickly than 
that of vehicle electrics, and this new 
manual covers every aspect of 
automotive electrics from the basics up 
to the forefront of vehicle technology at 
the time of writing. The book sets out to 
explain how electrical and electronic 
‘equipment works, while at the same 
time no prior knowledge is assumed on 
the reader who progresses logically to 
an understanding of the latest 
technology. Specific equipment and 
vehicles are reterred to by way of 
illustration and the text is an ideal 
combination of theory and practice. 
While up-to-date practice is the main 
theme, some older equipment and 
systems are included, for not only do 
they often lead in a logical fashion to 
present day technology, but are stil 
present in millions of vehicles on the 
foad. No prior knowledge is necessary 
and first principles are dealt with in the 
first chapter. All explanations are given 
in this way, for which there is no 
substitute, giving the reader a firm 
basic comprehension of electrical and 
electronic principles so as to be able to 
progress onto more advanced 
equipment. Topics include batteries, 
starting and charging systems, fuelling, 
ignition and combustion, engine 
management, lighting and instruments, 
electromagnetic interference, vehicle 
wiring, general fault diagnosis, test 
equipment, and includes latest 
developments in fuel injection, 
pollution control, engine and body 
electronics, and braking and anti-skid 
systems. Specific details of any 
particular type of vehicle are given only 
by way ofllustration and example. 
1990. 279 x 214mm. 264 pages, 
illustrated, hard cover. 

Order As WT19V (Automobile Elec 
Sys) Price £11.95 NV 
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MICROCOMPUTERS/CONTROLLERS 


Introduction 


Everyone interested in electronics 
will be familiar with the term micro- 
processor and what it stands for — 
computational circuit fabricated on a 
single piece of silicon. The rapid develop- 
ment of the microprocessor has quite 
literally changed the world in which we 
live in the last twenty years. Enormous 
leaps in performance have been achieved 
during this period so that current “flag- 
ship’ microprocessors like Motorola’s 
68040 and Intel's 80486 can perform tens 
of millions of instructions per second. 

As with fast cars in the motoring 
world, these vastly powerful number 
crunchers grab all the limelight in the 
electronic press, and many reports are to 
be found when a new chip in this league is 
launched. However, the ‘traditional’ 
microprocessor is out-sold many times 
over by an offspring that is often 
overlooked by the electronic press and 
therefore will be unfamiliar to many 
readers. This offspring of the micro- 
processor is the Single Chip Microcom- 
puter or ‘Micro Controller Unit’ (MCU). 
These ingenious devices are to be found 
in many of the modern consumer and 
automotive products that we use every 
day, but what exactly is a single chip 
microcomputer or microcontroller? 

To answer this question we must first 
understand, or refresh our memories, of 
the elements of a conventional computer 
based around a microprocessor. Figure 1 
shows a simplified block diagram of a 
typical computer system. As shown, a 
computer requires several other elements 
in addition to the Micro Processor Unit 
(or MPU): these are memory, clock/reset 
generator and input/output (I/O) devices. 
A brief description of these elements is 
given as follows: 








Microprocessor 

The microprocessor is basically an 
Arithmetic Logic device or Unit (ALU) 
that manipulates input data to produce a 
tesult. However, unlike a fixed logic 
circuit, like an adder for example, a 
microprocessor can manipulate the input 
data in a number of ways depending on 
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the value of a second type of input to the 
microprocessor — the instruction. All 
microprocessors require a series of 
instructions to tell them what to do with 
the currently held data. A set of these 
instructions, designed to get the micro- 
processor to perform a series of ta: 
called a program. A microprocessor 
instruction is actually a binary number, 
but since binary numbers are cumber- 
some for a human to deal with, the actual 
value of an instruction is usually repre- 
sented as an alphabetic word called a 
mnemonic. These mnemonics can be 
used by the programmer to write ‘his 
program (called the source code) using an 
‘assembler’, by which they are then 














converted to the basic binary instructions 
or machine code. This conversion can be 
done by hand using conversion tables, 
but this would be very time consuming, 
so most often another computer pro- 
gram, the assembler, is used for this task. 
This method of programming is called 
assembly language programming. Figure 
2 shows a sample of a 6800 assembly 
language program listing that also shows 
the resulting assembled machine code on 
the left-hand side in hexadecimal form. 

Collectively, all these valid bi 
instructions for a given microprocessor, 
and which are identified by mnemonit 
are referred to as the processor's ‘Instruc- 
tion set’. 
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Figure 1. Block diagram of a typical computer. 











Memory 

Since a microprocessor can generally 
use only one instruction at a time, and a 
program can contain many thousands of 
instructions, somewhere else must be 
provided to store the instructions until 
the processor is ready for them — this is 
one function of memory. The type of 
memory used to hold the program of 
instructions for the microprocessor is 
generally ROM (Read Only Memory), so 
called because the data contained in the 
memory can only be read and cannot be 
altered. The contents of ROM are also 
retained after power is lost, i.e. the data 
is ‘non-volatile’. 

It is usually the case that a micro- 
processor also requires a memory area to 
store variables and intermediate results 
of a task that it is performing. For this 
purpose a second type of memory called 
RAM (Random Access Memory) is used. 
In RAM, data can be read or written to. 
any location, however, the data is only 
temporary insofar that it is lost when 
power is removed. In some systems, data 
is preserved in RAM by back-up batteries 
when the main power source is lost. 
Single bytes of RAM can also be referred 
fo as ‘registers’, and a microprocessor has 
its own special set of registers internally 
that are used when specific types of 
instructions are executed. 


Clock and Reset Generator 

A microprocessor is a synchronous 
device that requires a regular clock signal 
in order to operate correctly. Some 
means must also be available to start up 
the microprocessor from a known condi- 
tion — this action is called resetting the 
processor. Generally some additional 
external circuitry is required to generate 
the processor clock from a quartz crystal, 
and to provide a means of activating the 
known reset condition of the processor 
for start-up. 





Input/Output 
A microprocessor or computer is of 
very little use to anyone if it cannot 
exchange information with external 
equipment. For this reason a micro- 
rocessor system requires blocks of 
Rana called I/O devices to allow it to 
‘talk’ to the outside world. In a computer 
as most of us know it, these 1/O devices 
would allow the microprocessor access to 
the keyboard, disks, serial ports, printer 
and VDU. 


So What is a Single Chip 
Microcomputer/ 
controller? 

To get back to the original question, 
a Single Chip Micro Computer Unit 
(MCU for short) is simply a single circuit 
on a silicon chip that contains all the 
elements of a full computer system 
(processor, memory, clock, reset and 
VO). The term microcomputer describes 
perfectly what these devices are but. 
since this name is sometimes applied to 
18 





LINE ADDRESS MACHINE LABEL ASSEMBLY COMMENTS 
NUMBER CODE LANGUAGE 
(mnemonics) 
00100 NAM ABS 
00110 OPT M 
00120 0000 ORG 0 
4 00130 0000 0001 Ww RMB 1 
00140 0001 0001 * RMB 1 
00150 0002 0001 Zz RMB 1 
00160 0500 ORG $0500 
00170 0500 96 00 LDA A W 
00180 0502 2A O1 BPL Zl IS W POSITIVE? 
00190 Os04 40 NEG A W WAS NEG., MAKE POS, 
00200 0505 D6 01 Zi LDA B Y 
00210 0507 2A 01 BPL Z2~ IS Y POSITIVE? 
00220 0509 50 NEG B Y WAS NEG. <E POS. 
00230 0S0A 10 2 SBA SUBTRACT Y FROM W 
00240 050B 2E 01 BGT Z3 «ISZPOSITIVE? 
00250 0s0D 4F CLR A * RESULT WAS ZERO OR NEG. 
00260 050E 97 02 B STA AZ STORE ANSWER IN Z. 
00270 0510 20 FE BRA * 
00280 MON 




















Figure 2. An example of assembly language program source code with assembled output object code 


in columns 2, 3, 4 and 5, 
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Table 1. A selection of typical microcontroller 
applications. 





the personal compiiter, and the MCU is 
usually implemented in a control func- 
tion, the name Single Chip Micro- 
controller or just microcontroller is more 
commonly used these days. 

These single chip computers have 
found their way into numerous applica- 
tions and, as the price falls with 
increasing manufacturing experience. 
they find more and more new applica- 
tions — often displacing standard logic in 
previously ‘dumb’ (non-‘intelligent’) ap- 
plications. Table 1 shows a selection of 
applications that currently use MCU’s. 
The benefits of using an MCU in an 
application, as opposed to_a lot of 
discrete logic or a traditional micro- 
Processor system, are reduced circuit 
complexity and increased flexibility. The 
reduced circuit complexity leads to lower 
manufacturing costs, increased reliability 
and smaller product size. Increased 
flexibility can allow functional changes to 
be made by altering the software without 


having to change the printed circuit © 


board, All these benefits are vitally 
important in today's highly competitive 
electronics industry, so it is not surprising 
that MCU's are big business (it is 
estimated that the yearly market for 
MCU’ is 3000M units), and all the major 
semiconductor manufacturers have their 
own families of devices. 

Different applications require dif- 
ferent amounts of processor power (a 
toaster does not require the processing 
power of an engine management unit) 
and so MCU’s are available with 4, 8, 16 
and now 32-bit wide data busses. Cur- 
rently the 4 and 8-bit devices are the 
biggest sellers by far, but it has been 
predicted that as prices continue to fall 
the 16-bit processors will migrate into 
some of the current 8-bit slots, and the 
8-bit processors will in turn squeeze out 
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Figure 3. MC68HC0SC4 Microcomputer block diagram. 
































Semiconductor Manufacturer MCU family 
Hitachi HD6305 
Intel 8048 
Mitsubishi M50747xx 
Motorola M6805/68HLO5 
National Semiconductor COP 800 
NEC uCOM-78k 
STM ST6/8 
Texas Instruments TMS7000 
Toshiba 68HLO5 





Table 2. Major 8-bit MCU families. 


many of the 4-bit devices. Table 2 shows 
the major 8-bit MCU families that are 
used in many applications today. 


A Typical MCU 


Figure 3 shows a block diagram of a 
typical $-bit microcontroller — Motorola’s 
MC68HC0SC4. This device has been 
chosen as an example as it contains most 
of the common features found on 
MCU's. A quick comparison of Figure 3 
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with Figure 1 shows the similarities 
between the 68HC05C4 and the conyen- 
tional computer model. The device 
contains a Central Processing Unit 
(CPU), both RAM and ROM, a clock 
generator and VO devices in the form of 
three 8-bit parallel ports, and a third 8-bit 
port that is shared with two serial 
communication systems. Features like 
timers and serial ports are often referred 
to as on-chip peripherals. To get a better 
understanding of how the parts of an 





MCU contribute to the end application, a 
detailed description of the features of the 
68HCO0SC4 follows. These descriptions 
apply to almost all MCU’s, and where a 
comparison is required the Texas Instru- 
ments TMS7000 is used. 


CPU 


The heart of the MCU is the 8-bit 
processor or CPU, where the program is 
executed. The CPU has access to, and 
control over, all the peripheral circuits 
via the address and data busses — shown 
on Figure 3 as a single line connecting all 
the modules to the CPU. The processor 
on the 68HC05C4 has a total of 62 
instructions and can address up to 8K 
bytes of memory space. The CPU has five 
internal registers and these are illustrated 
in more detail in the programming model 
of Figure 4. The accumulator and index_ 
register are special registers used during 
the execution of certain types of instruc- 
tions — the accumulator especially for 
arithmetic operations. The program 
counter, as its name suggests, contains 
the address of the next instruction in 
memory to be executed by the processor. 
The condition code register contains bits 
that can be tested by the program to see if 
certain conditions were met after an 
instruction was executed, 

In most programs there will be 
groups of instructions that haye to be 
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Figure 4. Programming model, 


repeatedly used in several different 
places of the program. To save memory 
space these instructions are normally 
grouped into a little program called a 
subroutine. These subroutines can then 
be called up from anywhere in the main 
program. The problem is that when the 
processor has finished executing all the 
instructions in the subroutine, how does 
it Know which part of the main program 
to return to? This becomes even more 
ted as subroutines can be called 
from within another subroutine — this is 
called nesting. The problem is solved in 
the stack. The stack is an area of RAM 
that is used to store the current program 
position and other processor conditions 
before jumping into a subroutine or 
interrupt. The stack pointer as its name 
Suggests, points to the current stack 
Position so that the processor can 
successfully find its way back out of 
subroutines. 

There is another input to the CPU 
that has not been mentioned so far—the 
Interrupt Request, or IRQ for short. 
When an IRQ is generated, the CPU will 
save its current state and program 
location on the stack before jumping to a 
special subroutine called the “Interrupt 
Service Routine’. The important differ- 
ence between an IRQ and a ‘normal’ 
subroutine call is that, with few excep- 
tions, the IRQ is generated either by 
something else outside the MCU, or by 
one of the on-chip peripherals —i.e. itisa 
request on some part of the hardware for 
the MCU to go and do something rather 
than a request from within the software. 
This feature is vitally important in most 
MCU control applications where the 
processor must run a series of back- 
ground activities but at the same time 
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attend to certain tasks as soon as is 
required. e.g an interrupt may be used to 
alert the processor to the fact that a key 
has been pressed in applications such as a 
compact disk player. Unless the ‘inter- 
rupt mask’ bit in the condition code 
Tegister is set, the processor will complete 
the execution of the current instruction, 
and then jump immediately into the 
Televant interrupt service routine. With 
most MCU’s an interrupt can be gener- 
ated from several different sources, and 
the source must either be identified by 
software or, as in the case of the 
68HCO0SC4, a separate interrupt service 
routine is provided for each possible 
interrupt source. 


MCU Memory 


RAM and ROM have already been 
discussed in the introduction, and it can 
be seen from Figure 3 that the 68HC05C4 
contains 4160 bytes of ROM available for 
program storage. 240 bytes of self-test 
ROM and 176 bytes of static RAM. With 
this being a CMOS processor, the static 
RAM allows the clock frequency to be 
reduced to zero without any loss of data, 
whereas for example ‘dynamic RAM’ 
would require a minimum clock fre- 
quency to be maintained to refresh the 
memory contents. The amount of mem- 
ory ayailable in MCU’s varies enorm- 
ously depending on the cost and perform- 
ance requirements of the application, 
ROM sizes from 1 to 64K-bytes, and 
RAM sizes of 32 to 3500 bytes are 
common for 8-bit MCU’s. 

One problem with MCU’s is that the 





complex peripherals contained on chip 
make the devices very difficult to test for 
faults at the end of the manufacturing 
process. One way to alleviate this 





problem is to include a built in test 
program in the ROM of the device that 
can be used to supplement other factory 
tests. The 240 bytes of self-test ROM on 
the 68HC05C4 contain a test program for 
this purpose. 

Tt is worth mentioning here that the 
nature of ROM (the program is per- 
manently stored as part of the manufac- 
turing process and cannot be changed) 
means that this type of MCU is normally 
limited to high volume applications 
{>10K units typically) where the cost of 
customised manufacture is justified. In 
order to bring the benefits of MCU’s to 
lower volume applications, various solu- 
tions have been developed, and itis these 
devices that will be of most interest to the 
hobby electronics enthusiast who would 
like to start applying the power of MCU's 
to his projects. 

Many MCU’s with an on-board’ 
OM also have a sister device where 
the ROM is replaced with Erasable 
Programmable Read Only Memory — 
EPROM. This memory can be program: 
med in a special programming mode (to 
gain access to the actual EPROM via the 
package pins) and can be erased ata later 
date if necessary by ultraviolet light. A 
newer technology, called Electrically 
Erasable Programmable Read Only 
Memory — EEPROM ~ is now also used 
for this purpose. These devices are often 
referred to as ‘emulation parts’, us they 
are actually used to emulate the function 
of the final production ROM devices: 
while developing a new application. 

An alternative solution is to produce 
an MCU with all the on-board features 
except the ROM. and provide instead an 
address and data bus that can be 
connected to an external ROM or 
EPROM. An example of this kind of 
MCU is Motorola's MC146805E2. Fin- 
ally, another solution is to produce an 
MCU that has ROM on-bourd but which 
can be configured in a special way to use 
in addition external memory resources ~ 
an example of this type of device is the 
Texas Instruments TMS7000. 


Vo 


The Input/Output (1/0) ports are the 
peripherals of the MCU that allow it to 
access and control external hardware. A. 
simplified equivalent logic diagram of 
part of one of the 8-bit I/O ports is shown 
in Figure 5. The port is basically made up. 
of two 8-bit registers — the data register 
and data-direction register. The later 
determines on a bit by bit basis whether_ 
the pins will be configured as inputs or 
outputs and the former contains the data 
that will be presented to the pin if it is 
programmed as an output. The ports on 
the 68HCOS are referred to as ‘memory 
mapped’, as the port control registers are 
present in the normal memory area of the 
MCU and can therefore be manipulated 
by the full instruction set. This gives a 
significant advantage over some other 
MCU architectures, where the ports can 
only be manipulated by a limited set of 
special instructions. The reset condition 
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tasking’ problems with the help of a 
couple of peripheral functions. 

These two functions are called the 
‘Input Capture’ or ‘Latch’ and ‘Output 
Compare’ or ‘Match’. In the case of the 
input capture function, the current value 
of the timer counter is latched and stored 
in @ register when a certain predefined 
transition occurs on a special pin of the 
MCU (called TCAP on the 68HC0SC4). 
When this capture takes place. an 
interrupt can be generated and the CPU 
can read the value of the timer at the time 
of the capture wheneyer it is convenient. 
With the output compare function, the 
CPU stores a value in a special register. 
This register is compared by hardware to 
the current counter value on every timer 
clock cycle, and when the 2 values are 
equal a predetermined level is written out 
to an output pin of the MCU. An 
interrupt can also be generated at this 
point. 

Now to go back to the example, to 
generate the output waveform the CPU 
would simply read the current timer 
value, add on the desired period and 
write this value to the output compare 
register. The CPU can then go and get on 
with the rest of its work until the compare 
matches, whereupon the output pin will 
be toggled and the processor interrupted 
So that it can set up the timer for the next 
period. In a similar way the CPU can 
store subsequent timer values when the 
input captures occur, and by subtracting 
one from the other it can easily obtain the 
period of the signal applied to the timer 
capture pin. In this way, having an 
independent timer with capture and 
compare functions allows simultaneous 
Waveform generation and measurement 
with very little CPU overhead. The real 
advantage of this type of timer structure 
is that a single timer can haye several 
input capture and output compare func- 
tions allowing multi signal processing. It 
is this technique that is used in automo- 
tive ignition control to capture the timing 
signal from the crankshaft and to 
generate the ignition firing pulses. 

If the CPU itself is involved in a time 
critical task then it would not be a good 
idea to interrupt it from the timer. For 
this reason the yarious interrupts from a 
timer system can usually be masked, and 
status bits that can be tested by the 
software when it is convenient are used 
instead, These bits are shown in the timer 
status register of Figure 6. Some timers 





have a choice of clock source including an 
input pin of the MCU, thus allowing the 
timer to be incremented by an external 
signal. In this mode a timer is actually 
called a counter as it is in effect counting 
external events that can be completely 
asynchronous. 

Many 8-bit MCU’s like the 68HCO0S 
and TMS7000 have 16-bit or greater 
timers, and this presents a problem as the 
CPU can only read 8-bits of data at a 
time. If the timer value changed between 
reading the two halves then a wrong 
result would be obtained that could be 
potentially disastrous in some applica- 
tions. This problem is solved by the 
‘pipeline latch’ that captures one half of 
the timer value when the other-half is 
read by the CPU. In the case of the 
68HCO5, the most significant byte is read 
by the CPU and the least significant byte 
is latched. Then when the CPU reads the 
LSB it is the value in the latch that is 
returned. This operation is carried out 
entirely automatically. 

The timer system, therefore. is a 
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Figure 7. Example timer signals. 


very powerful part of an MCU and in 
many applications the availability of 
timer features will take precedence over 
processor ability when choosing the right 
MCU for the job. This is because a timer 
with features well suited to the applica- 
tion can easily make up for a lack of 
processing power when compared to an 
MCU. @ powerful CPU that will have 
to spend some of its time making up for 
timer deficiencies, 











Serial Communications 
Serial communications on an MCU 
greatly increase its flexibility and VO 
capabilities, and are used for two main 
purposes — to allow communication to 
other MCU’s or computers and to 
facilitate the use of external peripherals. 
The distance over which the com- 
munication must take place and the 





surrounding environment must be taken 
into consideration when selecting a serial 
protocol. Communication to a peripheral 
device or another MCU mounted on the 
same PCB can use a simple high speed 
protocol. However when transmitting 
over a long distance or through a bad 
environment, data corruption due to 
noise can become a problem and so a 
slower protocol with some error detec- 
tion is desirable. The 68HC05C4 contains 
two independent serial subsystems to 
handle both of these requirements. The 
first, called the Serial Peripheral Inter- 
face (SPI). is 4 high speed synchronous 
(up to 1M-bit/sec.) system that is de- 
signed to communicate to peripheral 
devices such as Analogue/Digital conyer- 
ters of LCD display drivers, or to one or 
more other MCU’s. Connecting several 
MCU’s together to form a sort of 
distributed processing system can some- 
times be more cost effective and flexible 
than using a more complex single 
controller, The second type of protocol is 
handled by the Serial Communications 
Interface (SCI), which provides asyn- 
chronous communication with selectable 
baud rates and advanced error detection 
capabilities. The SCI provides an excel- 
lent means of communicating with a*host 
computer or terminal using the RS232 
protocol, thus allowing an MCU program 
to be controlled interactively by a user. 
Some MCU’s combine both these com- 
munication types in a single system that 
can then perform one or the other at any 
one time — the TMS7000 series is an 
example of this approach. 


Further Features 


The above sections haye explained 
the operation of the main functional 
blocks that are shared by almost all 
micro-controllers. There are, however, 
other features that are commonly found 
on many but not all MCU's — these 
include low power modes and additional 
on-chip peripherals. 


Low Power Modes 


If a microcontroller has been de- 
signed in a static CMOS technology then 
it is possible to stop the clock to the 
device without corrupting any of the 
internal states of the processor and 
subsystems, Static CMOS only uses 
significant amounts of current when it is 
switching so that remoying the clock 
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Table 3. Additional MCU features. 
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Figure 8. Development system set-up. 


dramatically reduces the power consump- 
tion of the device from say # few milli- 
amps during normal running to a few 
micro-amps in this ‘suspended’ state. This 
feature of CMOS microcontrollers is 
vitally important for many battery 
powered applications, such as remote 
controls and pagers, where battery life 
must be extended to a maximum. Other 
applications where power consumption is 
very important include telecom, where 
there are strict limits to the amount of 
current that can be taken from the 
telephone line, and automotive applica- 
tions such as alarms that must be 
powered up when the engine is not 
running. 

Most CMOS microcontrollers have 
two low power modes that can be entered 
via a special software instruction. Once in 
the low power mode the device is 
reactivated by an interrupt or reset. The 
first low power mode is commonly called 
‘STOP mode’ and is the case described 
above —i.c. the clock is removed from all 
the functional blocks of the MCU and all 
activity stops. The processor can exit this 
mode when a signal is applied to an 
external interrupt pin or the reset pin. 
This feature could be used to save power 
while the processor is waiting for a key to 
be pressed to wake it up. The second type 
of low power mode (often called “WAIT 
mode’) removes the power from most but 
not all of the functional blocks. Typically 
the clock will be removed from every- 
thing except the timer and perhaps the 
serial interface. An interrupt from either 
of these two subsystems or un external 
signal can then be used to wake-up the 
processor. Power consumption in this 
mode is not as low as STOP mode but will 
still be typically a factor of 10 or more less 
than normal run mode. This mode can be 
used to periodically (via the timer) wake 
the MCU up from a low power state to 
perform a series of tasks and then go back 
to ‘sleep’ again. 











Additional Peripherals 

As the market for MCU’s has grown 
rapidly, so has the demand of customers 
to integrate more peripheral functions 
on-board the MCU in order to further 
reduce their application chip count and 
therefore cost. This trend has lead to 
many MCU’s having additional features 
over those described previously, resulting 
in a confusing array of MCU’s on offer to 
the application designer — there are over 
50 derivatives of the 6S8HC05 family 
alone! Table 3 shows a selection of these 
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additional features and their uses. Some 
of the most powerful features are the 
analogue functions of A/D and D/A. The 
analogue to digital converter (A/D) 
allows the MCU to read and manipulate 
values from a wide range of sensors such 
as thermistors and pressure sensors, and 
to monitor things like the current being 
taken by a motor. The digital to analogue 
converter (D/A) is often implemented as 
a pulse width modulator (PWM) with 
smoothing external to the MCU to 
produce an analogue voltage. This fea- 
ture can therefore be used to control a 
wide range of external analogue circuitry. 
As the design cycle time and cost of 
developing a new MCU fall, some MCU 
manufacturers have been able to offer a 
new solution to their high volume 
customers — the customer specific micro- 
controller where the on-board peripher- 
als are tailored to exactly meet the 
application requirements. 


How an Application is 
Developed 


Finally, to end this introduction to 
microcontrollers, a short explanation of 
how an application based on an MCU is 
developed follows: 

After the functionality of the ap- 
plication has been defined, the first step 
is obviously to pick the correct MCU for 
the job. Several factors must be taken 
into account when making this choice, 
including processor power, peripheral 
features, and hardware requirements 
such as power consumption and cost 
trade-offs of one solution yersus another, 

After this choice has been made, the 
required hardware around the MCU and 
the software for the device will be 
developed in parallel. As mentioned 
previously, the software is usually written 
in assembly language, however, latterly 
high level languages such as *C’ are 
becoming more popular as they are 
processor independent and therefore 
allow software modules written for one 
application to be used on another that is 
using an entirely different MCU. It’s all 
very well developing all this software and 
hardware, but how do you check it out 
before giving your software to the 
semiconductor manufacturer to make 
several thousand ROMed devices? 

The solution to this “debugging” of 
the application is the development system 
using the previously mentioned “emula- 
tion parts’ (erasable programmable 
MCU’s). Figure 8 shows a diagram 
Tepresenting the set up of a development 





system for debugging an application. The 
system consists of a host computer, often 
a PC. the development station or 
emulator and the target connector that 
plugs into the application hardware in the 
socket that is intended for the MCU. 
Various complexities of emulators are 
available depending on the debug facili- 
ties that are required, but they can all 
perform the basic functions required. The 
emulator contains an MCU similar or the 
same as the one that will be used in the 
application, external RAM that replaces 
the internal ROM of the MCU and some 
special control circuitry. The software 
that is to be tested is ‘downloaded’ into 
the emulation RAM where it runs under 
full control of the host computer. This 
host interface allows the user to start and 
stop the application software at any point 
and examine the internal conditions of 
the MCU. He can also make changes on 
the fly to the emulation memory to try 
out fixes to errors that have been 
detected. The target connector allows the 
software to run in the application just like 
the final MCU and so hardware faults can 
also be identified. 

Once the designer is happy 
with his software on the development 
system, he will usually program several 
EPROM version MCU’s and use these 
in field trials to find any final bugs, With 
a small volume application the deyelop- 
ment will stop at this point, and further 
EPROM or ROMless parts will be used 
for production. For high volume ap- 
plications, the designer will give his 
software to the MCU manufacturer, 
Who will process it into a mask layer 
that is used during the manufacture of 
the MCU’s to form the ROM contents. 
If no mistakes have been made in the 
development phase then fully oper- 
ational MCU’s containing the cust- 
omer’s software will be delivered to him 
a few weeks later. 


Summary 

This introduction has explained the 
basic operations of the various parts 
that go to make up a microcontroller, 
and hopefully has made the reader 
aware (perhaps for the first time) of just 
how powerful these relatively inexpen- 
sive devices (typically £1 to £10 in 
volume) can be for every day control 
applications. In a future issue an 
explanation of how these features can 
be used from a selection of the 
applications of Table 1 will be pre- 
sented. 
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Specification of Prototype 


Infra-Red Transmitter 
Commands: 


Transmission mode: 
Transmit source: 


Peak wavelength: 
Clock frequency: 
Powersupply: 

DC voltage: 
Standby current: 
Transmit current: 


TV channel 1 to 16 

TW channel —/+ 

Volume —/+ 

Sound mute On/Off 
Standby On/Off 

Flash 

Two high power infra-red 
emitting diodes 

940nm 

A55kHz 

Two AA size alkaline cells 
3V 

10nA 

Average 1-65mA, 

peak 1-1A 


Infra-Red Receiver 
Receive detector: 

Peak spectral response: 
Effective range: 
Receiver gain: 

Data output pulses: 

DC power supply input: 


Stereo Volume Control 
Frequency response: 
Outputlevel: 

Gain: 

Tracking: 

Signal to noise: 

Distortion: 

DC Power supply input: 


High speed photodiode 
950nm 

45m 

7OdB 

Negative going 

+5V at imA 


5Hzto 150kHz —3dB 
TV RMS into 1k. 
OdB 

0-3dB 

68dB 

0-2% THD 
+12VatlémA 
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Introduction 


The IR (infra-red) remote conirol unit 
has been designed for use with the 
completed Maplin NICAM television tuner 
system which is comprised from the 
following kits: 

NICAM decoder (stock code LPO2C), 
see December ‘89 — January ‘90 magazi- 
ne. 

NICAM tuner (stock code LPO9K), see 
February — March ‘90. 

NICAM accessories part one, see 
June — July ‘90. 

NICAM accessories part two (stock 
code LP1 8U), see August— September 90. 





























tuner system. Only a small amount of 
additional wiring is required to complete 
this installation. Testing and alignment of 
the IR receiver is straightforward requiring 
only simple DC measuring equipment. 

The IR transmitter uses a special IC 
developed in conjunction with the M491B 
and requires few additional components 
to produce the correct IR transmitted data. 
The completed PCB assembly is designed 
to fitinside a custom made slime-line hand- 
held case which has a battery compart- 
ment, rubber keypad and IR transparent 
window. 


IR Transmitter Circuit 
Description 


The main active component in the 
transmitter is a M7O8L IC and its pin out is 
shown in Figure 1, a full listing of its 
absolute and recommended operating 
conditions is given in Figure 2. The 
operation of this IC can be simplified into 
separate procedures as depicted by the 
block diagram in Figure 3. 

Referring to Figure 4, the following 
description illustrates circuit operation. 





ABSOLUTE MAXIMUM RATINGS 
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Porometer Value Unit 
Supply voltage _=0.3 to 5.5 Vv 
| Input voitage +0.3 to Vpp +0.3 Vv 
IR output current (t<50us) 10 mA 
| Operating temperature 0 to 70 “Cc 
| Total package power dissipation 200 mW 
| Storage temperature —55 to 125 “c 
Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 
RECOMMENDED OPERATING CONDITIONS 
| Parameter Limit Unit 
Supply voltage 2.2 to 5 Vv 
Input voltage 0 to Vop 
Figure 1, M708L Pin out. IR output current (t<5Ous) mox 2.5 mA 
In addition, a super NICAM kit is Reference frequency 445 to 510 kHz 
available containing all three kits in one Operating temperature 0 to 70 c 
{stock code LP19V). e 5 3 5 
After the tuner is up and running it is Serial: resistance: of a max 2.5 ka 
relatively easy to add IR remote control to ictoned: Key ‘contact 
the system. This is because all the decoding Parallel resistance of rie BD wa 
ort are already present in the M491B open key contact ; 
voltage synthesis tuning chip, which is Serial resistance of 2 
located on the display PCB, The IR detector the ceramic resonator max 20 a 
is also on this board and a 12-way PCB 


latch plug connects the IR receiver into the 



































STATIC ELECTRICAL CHARACTERISTICS CTomb=25°C) 









































: Values 
Parameter Pins Test Conditions UNIT 
Min | Typ | Max 
Supply voltage Vpp=5v | Stand-by = | 3 [10] ua 
IR output | Operating 
open (one key closed) | ~ | * | 7 | mA 
| 
H Stote Vpp=3¥. Von=2V =| =o] Sa 
IR output current BD £8 mA | 
Vpp=2-2V Voy=tV -0.3|/-0.5| — 
L State Vpp=3¥. VoL =1V Thy en ea 
IR output current Be as mA 
Vpp=2:2¥. Vo_=1V 03} 05} - | - 
Input high current Address Vop=3V 
selection | V,, =3V - | = |150}. ya 
input (oscillator running) 
Input leakage current | Trans. Vpp=3V 
mode es sod WV 8 
Test pin | Vin = to 3v 
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Keyboard Oscillator 
1 
Row Inputs Column inputs Input Output 
v 1 1 i] 
; Enable 
Keyboard Logic Oscillator 
=f Dividers 
Geeta) Transmission Code Latch <—_ ‘and 
<= — Clock Generator 
Data a . End ich 
otek Transmission Sequence Logic Transmission 
a s Logie 
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Figure 3. Inside the M708L. 
























































































































































Figure 4. NICAMIR transmitter circuit diagram. 


The DC power for the transmitter is 
provided by two AA batteries connected in 
series fo give three volts, This supply is high 
frequency decoupled by a 100nF ceramic 
disc capacitor, C1, before connecting to 
pins 18 and 20 of the M7OBL IC1. 

Synchronisation between the trans- 
mifter and receive decoder (M491B) is 
necessary to obtain maximum reliability. 
The frequency of the clock oscillator in the 
decoder is set by a 455kHz ceramic 
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resonator (stock code UL61R) and this 
component, CRI, is also used to set the 
timing of the transmitted data pulses. 

The keyboard code command is 
selected by connecting together one of the 
row input pins, 4 fo 8, and one of the 
column input pins, 9 to 14, see Figure 5. As 
can be seen 30 command codes can be 
generated by the IC but only 22 have been 
implemented to control the NICAM tuner. 
‘A 22 woy conductive rubber contact 








keypad is used to make each connection, 
which must be closed for a minimum of 
25ms to pass its antibounce test before the 
command is transmitted. The command 
formation is repeatedly sent out at 
intervals of approximately 108ms as long 
os the key button remains operated. 
Double and" multiple contact operations 
are not accepted. When the key is released 
ond after a pause of 18ms the end of 
iransmission code is sent and the IC returns 
to its low current stand-by mode. 

Each time a command is transmitted 
‘an address code is also sent which must 
match the one in the decoder IC (M491B). 
The two address inputs are on pins 16 and 
17 which provide four possible address 
codes. When using a M491B decoder pin 
16 must be set high (+3V) and pin 17 set 
low, as the M708L has internal pull-downs 
no connection to pin 17 is necessary. 

Pin 1 on the M7OB8L sets the 
transmission mode, high (+3V) for flash 
and low (OV) for carrier mode, when used 
in conjunction with the M4918 it must be 
set fo operate in its flash mode. The transmit 
data pulses appear on pin 19 which is 
directly connected to the IR current driver 
circuit TR1 and TR2. These positive going 
pulses bias on the NPN transistor, TR1, 
which removes the hold off bias from the 
PNP transistor, TR2. This causes TR2 to 
conduct which dumps the charge stored in 
the electrolytic capacitors C4,5 into the 
two IR emitting diodes IR] and IR2. 

Pin 15 of the M7OBL is used by the 
manufacturer to test the IC during 
production and must be connected to the 
OV ground to ensure normal operation. 


IR Transmitter 
Assembly 


The PCB is a double-sided, plated- 
through hole type, chosen for maximum 
electrical reliability and mechanical stabil- 
ity. However, removal of a misplaced 
component is quite difficult with this kind of 
board so please double-check each 
component fype, value and its polarity 
where appropriate, before soldering! 
The PCB has a printed legend to assist 
you in correctly positioning each item, see 
Figure 6. 

The sequence in which the compo- 
nents are fitted is not critical. However, the 
following instructions will be of use in 
making these tasks as straightforward as 
possible. For general information on 
soldering and assembly techniques please 
refer to the ‘Constructors’ Guide’ included 
in the Maplin kit. 

Because of the restricted space inside~ 
the transmitter case several of the taller 
components must be pushed over so they 
lay flat on the surface of the PCB. The 
following components have had their 
oullines printed on the legend to reflect 
this: 
455kHz Ceramic resonator = CRT 
100nF Ceramic disc capacitor C1 
100pF Ceramic capacitors C2 and C3 
100uF Electrolytic capacitors C4 and C5 
Z1X651, Z1X751 Transistors. TR] and TR2 
IR emitter diodes IR] and IR2 
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M708L Keyboard PIN No. M491B Function 
Command (NIGAM Tuner 
No. Bi 71615) 4] 9 |10]11]12/13 | 14 display PCB) 
° End of Transmission 
1 x x Standby On/Off 
2 x x Mute On/Off 
3 x x Memory 1 
4 x x Memory 2 
5 x x Memory 3 
6 x X || Memory 4 
7 WUULAOLAD ULL 
8 RR@_6i6oy 
9 x x Memory 5 
| 10 x x Memory 6 
1 x x Memory 7 
12 x X || Memory & 
13 x x Memory Up 
14 x x Memory Down 
15 x x Memory 9 
16 x x Memory 10 
17 x BE Memory 11 
18 x 
eZ WAAL. 
20 RS SS SAGER 
21 x x 
22 x 
23 x 
24 x 
25 x|x 
26 x x{_| 
2. BWAAWAaZ 
2B RRYAGAARGRE 
23 LE CBG 
30 RAYSGSAGSAAGHH 
Figure 5. NICAMIR remote control commands, 
‘v 
jo-- so ese 
I 
= 
—trc § | < 
—5= ¢8 \ 2 
2: 2 
=: HOLT 
==: 8 I z 
r- J 
‘a een 














Figure 6, NICAMIR transmitter PCB legend. 


When installing the two transistors 
ensure that their rounded edges are facing 
away from the surface of the PCB. There is 
insufficient headroom for the M708L to be 
fitted into an IC socket, so please make 
absolutely certain that the notch on the IC 
matches the block on the legend. Finally, 
when mounting the IR diodes ensure that 
the shorter cathode lead is located at the 
hole marked ‘K’ and its flat base is on the 
front edge of the PCB, see Figure 7. 
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This completes the assembly of the 
PCB and you should now check your work 
very carefully making sure that all the 
solder joints are sound. It is also very 
important that the solder side of the cir: 
board doesn't have any trimmed compo- 
nent leads standing proud by more than 
2mm, as this may result in a short circuit. 
Next fit the completed PCB assembly 
into the transmitter case as follows: 
1.Position the rubber contact keypad 
















VI Ld Ld fd hd hd bed 6 i 


through the top half of the case. 
2.Locate the PCB over the keypad and 
push into place. 

3. Use two short lengths of insulated wire 
fo connect the battery terminals to the 
PCB. 

4. Position the transparent window over 
the IR diodes. 

5. Secure the bottom half of the case using 
the four countersunk screws. 

6. Remove the battery cover. 


IR Transmitter 
Testing 


Allthe DC tests are to be made using a 
multimeter and two AA batteries. The 
readings~were taken from the prototype 
using a digital multimeter, some of the 
readings you obtain may vary slightly 
depending’ upon the type of meter 
employed, 

















Figure 7. NICAMIR transmitter 
assembly. 

























Photo 1. Completed IR transmitter PCB, 
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The first test is to ensure that there ore 
no short circuits before you install the 
batteries. Set your meter to read k9 on its 
20k!) resistance range and connect the 
test probes to the positive ond negative 
battery terminals. With the probes either 
way round a reading greater than 4k! 
should be obtained. 

Following the polority markings 
moulded inside the battery compartment 
install the two AA batteries. Next monitor 
ihe supply current, set your meter to read 
DC uA and place it in series with the 
battery supply. Ensuring that none of the 
rubber keys are pushed in, observe the 
current reading which should be approxi- 
mately 10nA, some multimeters may not 
possess sufficient resolution to read this 
exiremely low standby current. Now set 
the meter to read DC mA and push in one 
of the transmitter command keys. Because 
of the pulsed current fed to the two IR 
diodes the reading obtained will appearto 
be unstable, but should read approxi- 
mately 1-6mA. However, the actual peak 
current being pulsed through the IR diodes 
is just over one amp, but the multimeter is 
not quick enough to read these short 
duration pulses. 

The DC tests on their own do not 
prove conclusively that the transmitter is 
sending out any IR energy. To do this you 
must build up a working IR receiver and 
decoder system. This can soon become 
very confusing since you need a working 
transmitter to prove that the receiver is 
functioning correctly. To conclusively test 
the transmitter you need a known working 
IR detector, a simple experimental circuit is 
shown in Figure 8. It will detect pulses of 
energy from the majority of domestic TV or 
video hand sets and convert them into 
visible red light. The Maplin prototype 
transmitter and detector worked well over 
a distance of approximately half a metre. 


IR Receiver Circuit 
Description 


The IR receiver module contains three 
separate circuits, see Figure 12. 
1.IR receiver IC3. 
2.DC controlled stereo amplifier IC1 and 
Ic2. 
3. DC transistor switching TR1 to TR4. 


1. The IR receiver uses a TBA2800, 
1C3, its pin out is shown in Figure 9 with a 
fulllisting of its absolute and recommended 
operating conditions given in Figure 10. 
The operation of this IC can be simplified in 
four separate procedures as depicted in 
Figure 11. All stages are powered from a 
common +5V supply rail on pin 3 which is 
decoupled by C19 and C20. 

A reverse biased photodiode on the 
NICAM display board is connected to the 
input of the first amplifier (1) via pins 9 and 
10 of SK1. This amplifier has a wide 
dynamic range to ensure interference free 
operation at high ambient or 50Hz 
modulated light levels. Capacitor C15 on 
pin two influences the response of the 
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Figure 9. TBA2800 Pin out. 


Photo 2. Boxed IR transmitter. 





Absolute Maximum Ratings 










































































| Volue Unit 
Supply Voltege 6 v 
Ambient Operating Temperature Range|  —20 to +65 *e 
Storage Temperature Range ~30 to +125 "6 
Recommended Operating Conditions 
min. | Typ. | Max. | Unit 
Supply Voltage 45 [5 55 v 
Characteristics at Vs= 5V, Ta= 25°C 
Min. | Typ. | Max. | Unit 
Current Consumption = 7 2 | mA 
Gain between Pins 14 & 7 70 - - dB 
Output Resistance Pins 7 & 8, 
formed by the pull—up resistor - 20 - | ea 
of on NPN transistor 
Output Low Voltage Pins 7 & & 
at Igp= 1.6mA - 04 | 08 v 
Figure 10. TBA2800 Electrical characteristics. 
1 Receiver Ris 
«eee TOR +5V <x, 
t <2 Bn 2 
| Paro 9, Ee 2 
| = TaAz800 
SKI | + if 
a ¢ | q aes 
| fare | se | BS 
Eo] pa > | | 
Sem Pe ies kr Be sone 
nal | heft eae 
| | 
les a ate ait 
| | "[g jrfsie slew [fh be | 22 es 
1st nc RIT Pin Ss 
| = Lape 3 
| | = Jb iE ie i" 
| sx 























Figure 


11. Inside the TBA2800. 
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Figure 12. NICAMIR receiver circuit diagram. 





automatic gain contral (AGC) in this stage 
and its value has been selected to proved 
maximum receive sensitivity. 

The amplified output signal on pin 12 
is connected to the input (pin 11) of the 
second amplifier (2) via C17. Due to the 
small value of this capacitor only the higher 
frequency data pulses will pass through, 
while the lower frequency interference 
signals are rejected. 

The amplified and filtered signal on 
pin 5 is then fed via C16 to the input of the 
pulse separating amplifier (3). This stage is 
used to extract the maximum amount of 
intelligible data from the background noise 
and other unwanted signal elements. The 
separation threshold is set by a resistor, 
R17, on pin 6 providing maximum noise 
immunity while maintaining good receive 
sensitivity. 

The cleaned up data pulses appear on 
pin 7 and any remaining high frequency 
noise is suppressed by R16 and C18. This 
signal is then fed to the M491B on the 
NICAM display board via pin 5 of SK1. An 
inverted signal is also available on pin 8 of 
IC3, but is not required in this particular 
circuit application. 

The DC controlled stereo amplifier 
and switching circuits are powered from a 
+12V supply connected to pin 1 of, SK1, 
which is decoupled by C1 ond C2. For the 
DC controlled stereo amplifier, IC2, to 
function correctly a half supply reference 
must be generated, this is provided by an 
op-amp ICl. The voltage reference 
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applied to its input is derived from the wo 
resistors R] and R2 which form a potential 
divider. The op-amp is merely used as a 
zero gain buffer to provide a low 
impedance half supply, its output being 
decoupled by C5 and Cé. 
2.1C2 isa LM13700 which consists of 
two current controlled transconductance 
amplifiers. The amps share a common 
+12V supply on pin 11, but otherwise 
operate completely independently of each 
other. The gain of each amplifier is 
controlled by the DC bias current feeding 
pins 1 and 16 of the chip. This control is 
generated by the M491B on the NICAM 
display board which is connected via pin 4 
of SKI. When powered up an initial 
volume setting of —14dB is generated 
which can then be modified by using the 
—/+ keys on the IR hand controller. As this 
current increases the sound level will get 
louder until maximum volume is achieved. 
The values of resistors R3 to RP have been 
calculated to restrict the maximum gain of 
the amplifiers to OdB. The minimum volume 
setting is implemented when any of the 
following conditions occur: 
1.Volume minus (-) key on IR hand 
controller held in until minimum setting is 
reached. 
2. Sound MUTE key on IR hand controller 
is operated. 
3.Tuner STANDBY key on IR hand 
controller is operated. 
4. TV CHANNEL change (1 to 16, or—/+). 
Muted for 0-5 of a second. 





5.1V station tuning. Muted after three 
seconds, restored by releasing key. 

As the controlling bias current 
changes, the DC voltage on the output pins 
8 and 9 can vary causing a ‘click’ to be 
superimposed on the audio signal. To 
prevent this, the current through the 
differential inputs on pins 3, 4 and 13, 14 
must be balanced out by careful adjust- 
ment of the preset resistors RV1 and RV2. 
The audio path through the IR module is as 
follows: 


Signal designation Connector 
reference 

Right input signal Pin 1 of PL. 
Rightinput screen Pin 2 of PLI. 
Left input signal Pin 3 of PL1. 
Leftinputscreen Pin 4 of PLI. 
Right output signal Pin 1 of PL2. 
Right output screen Pin 2 of PL2. 
Left output signal Pin 3 of PL2. 
Left output screen Pin 4 of PL2. 


3. Transistor switching is used to 
control SCART function and additional 
sound mufing. In its standby mode the 
M491B shuts down the 7-segment LED 
channel display and removes the DC 
control voltage from pin 3 of SK1. This 
causes TR] to turn off which turns on TR2 
removing the bias from TR3. When this 
happens the voltage on its emmitter which 
is connected to pin 1 of PL3 is switched off. 
This pin is connected to P32 on the NICAM 
socket PCB which controls the TV/video 
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source switching on pin 8 of the SCART 
socket. 

When TR4 is turned on it pulls down 
the bias current feed to IC2 muting the 
audio output. This transistor receives its 
bios from two sources, the audio tune 
switch $2 on the NICAM switch PCB and 
the standby switching transistor TR1. The 
bias from S2 is connected via pin 2 of PL3 
which goes high every time you change 
channel ensuring full inter-channel muting, 
while in the standby mode the high on the 
collector of TR1 ensures a complete audio 
shutdown. 


IR Receiver 
Assembly 


The PCB supplied in the kit is a 
single-sided, fibreglass type and a copy of 
its printed legend is shown in Figure 13. 
This should assist you in correctly position- 
ing each component, as removal of a 
misplaced item is quite difficult. Please 
double-check each component type, value 
and its polarity where appropriate, before 
soldering! 

The sequence in which the compo- 
nents are fitted is not critical. However, the 
following instructions will be of use in 
making these tasks as straightforward as 
possible. For general information on 
soldering and assembly techniques please 
refer to the ‘Constructors’ Guide’ included 
in the Maplin kit. 

It is usually easier to start with the 
smaller components. Begin with the 
resistors R] to R22 saving the component 
lead off cuts, using four of these bend them 
to fit the link positions on the PCB. The test 
points TP1, 2 and TP3 use small PCB pins to 
ensure a good connection is made to your 
meter probes. 

Next install the capacitors, diodes, 
transistors and preset resistors. When 
fitting the IC sockets, make certain that you 
fit the appropriate holder in each position, 
matching its end notch with the block on 
the legend. Install the IC’s ensuring that all 
the pins go into their sockets and the pin 






























Photo 3. Completed IR receiver PCB. 


one marker is at the notched end. When 
fitting the ‘Minicon’ connectors PL1, 2 and 
PL3 ensure that the locking tags are facing 
inwards. Finally, mount the 12-way 
right-angled socket, SK1, ensuring that it is 
laying flat on the surface of the PCB. 

This completes the assembly of the 
PCB and you should now check your work 
very carefully making sure that all the 
solder joints are sound. It is also very 
important that the solder side of the circuit 
board doesn’t have any trimmed compo- 
nent leads standing proud by more than 
2mm, as this may result in a short circuit. 


Initial IR Receiver 
Testing 


The initial tests ensure that there are 
no short circuits on the power supply rails. 
A digital multimeter was used to take the 
readings from the prototype unit, some of 
the readings you obtain may vary slightly 
depending upon the type of meter 
employed. Set your meter to read kQ on its 
20k0 resistance range and with its probes 
either way round the following readings 
should be obtained: 





SK1 Pinto Pin. Meter Reading. 
1-7 Greater than 4k0. 
2-7 Greater than 16k 
1-2 Greater than 11k 


This completes the initial testing of the 
IR module, but before installing it into the 
NICAM tuner system you should do the 
following: 


1,Set RV] and RV2 to their halfway 
positions. 

2.Remove the top cover of the NICAM 
tuner. 

3. Set your multimeter to read DC mA on its 
2A range and place it in the +12V 
power supply line of the NICAM tuner 
system. 

4. Switch on the unit and make a record of 
the current reading. 

5. Switch off the unit. 


IR Receiver 
Installation, Wiring, 
Testing & Alignment 


The majority of interconnections are 
made through SK1 and PL] onthe NICAM 
tuner display PCB with only o small amount 
of additional off board wiring, see Figure 
14. The wire connections to the main 
NICAM boards are made using Minicon 
connectors and the method of installing 
them is also shown in Figure 14. When 
using the screened audio cable it is most 
important that the outer braiding should 
not be able fo come into contact with the 
centre conductor or anything else on the 
PCB's. 

Originally, the wire from P32 on the 
socket PCB was connected to P31 of the 
switch PCB and this wire should be long 
enough to move from P31 to pin 1 of PL3, 
The new wire from pin 2 is soldered to the 
top middle tag of the audio tune’switch S2, 
see Photo 4. : 

The audio lead from the socket PCB is 
simply moved from PL6 on the NICAM 
decoder to PL2 on the IR receiver. A short 
interconnecting lead of approximately 




















Figure 13. NICAMIR receiver PCB legend. 
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10mm is used to join the audio output from 
PL6 to PLI. 

To complete the testing and alignment 
of the unit perform the following: 


1. Ensure that SK1 on the IR receiver PCB is 
pushed fully on to PL1 of the NICAM 
tuner display board. 

2.Remove the Minicon connector from 
PL1 on the IR receiver module. 

3. With your mulitmeter still monitoring the 
supply current to the NICAM tuner 
system, switch on the power. 

















4. Observe the new reading which should Photo 5. IRreceiver installed inside NICAM tuner. 
have increased by approximately 
17mA. 8.Connect your meters test probes, | one with its audio output level at 
5. Switch off the power, then remove your negative to TP3 and positive to TP. approximately —14dB. Using the volume 
meter from the DC supply line and set it 9. Observe the voltage reading which control on your amplifier set up a 
to read DC volts on its 20V range. should be approximately +4-8V. comfortable listening level. 
6. Switch the NICAM tuner back on. 10. Operate the mute key on the IR hand It is recommended that you use good 
7. Using the IR hand controller held at least controller and take note of the new | quality alkaline AA or equivalent batteries 
200mm away from and pointing at the reading. in the hand-held IR transmitter. Their life 
IR receiver window, hold down the plus 11. Press the mute key again and carefully | expectancy will depend upon make, age, 
(+) volume key for approximately ten adjust RV1 until the voltage matches | storage temperature and how often the 
seconds. the new reading. command keys are pressed. In practice this 
12.Repeat steps 10 and 11 until no | means you should get several months of 
change in voltage can be detected. use before a noticeable deterioration in 
13. Move your positive test probe to TP2 transmitter range occurs. When the bat- 
and using RV2 repeat steps 9 to 12. teries are exhausted it is strongly recom- 
14. Switch off the NICAM tuner, remove mended that you remove them from the 
your multimeter and reconnect PL1. unit as any chemical leakage can result in 
permanent damage. 
The IR remote control system has a 
Using the Remote minimum and maximum operating range. 
Assuming that the batteries are in tip top 
Control System condition you can expect a maximum 
Y : Connect up your TV aerial, video | usable range of approximately 4-5 metres. 
ee monitor and audio amplifier tothe NICAM | The minimum or close up limit is caused by 
Rhotod.Additionalwireconnectedto | tuner, then power up all the equipment. | overloading IR receiver front end and is 
AudieTone Switch: The tuner should start up on TV channel | typically just over 150mm. 
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Fitting & Inserting the Minicon terminals 
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Figure 14. NICAMIR receiver wiring. Continued on page 54 
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The completed star and LED controller. 
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This novelty projectisa festive star 
with lots of flashing LED's to sit 
upon your Christmas tree. The 
LED'sare switched on and offat 
different rates by an LED 
controller. * 


By he controller has two sets of 4-bit 
binary outputs, one set originating 
directly from the chip and the other 

set via open collector transistors See 
Table 1. The controller also has a pulsed 
supply (Switching on and off); this helps to 
conserve power when the controller is 
operating from a battery. 


Looking at the circuit diagram 
Figure 1, you will see that the heart of the 
controller is a CMOS 4060 IC, which 
contains an oscillator and a 14-stage 
divider, with an output at most stages of 


Description 
+V Battery 
Pind OV Battery 
Pin, ov 

Pind Birectoutput D1 (MSB) 













PinZ. 7" D4(LSB) 


Png. Pulsed supply output 
PinlQ. Opencollector D1 (MSB) 





Figure 1. Circuit diagram. 
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Table 1. Pindescription. 
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division. Staa §, Sand 10 (IC pins 6, 14, 
13 and 15 respectively) are used to drive 
transistors TR2 — TRS via 10kM resistors, 
the LED's being the collector load of each 
transistor. A direct output of stages 7 
through 10 is available at pins 7, 6, Sand 4. 
The switching transistor TRI is connected 
to the oscillator, using the highest 
available frequency and therefore avoid- 
ing visible flicker in the LED's The 
oscillator frequency is determined by the 
components R2 and C2, and the frequency 
can be calculated using the formula: 


Fosc=1/23xR,xC, 
Battery Life 


The peak current consumption of the 
LED controller with all the LED's lit is 
approximately 70mA. but due to the 
switching transistor this figure is reduced 
by half, making the expected life from a 
PP6 battery around 20 hours. It is therefore 













Figure 3, LED positions. 





recommended that a 6 to $V DC mains 
adapior is used for prolonged use. and a 
300mA unregulated supply would be ideal 
for this application, for example Maplin 
stock code XXOSK 


Construction 
Please refer to the Constructors 


Guide for hints and tips on soldering and 
constnictional techniques. 
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Referring to the PCB component 
legend, Figure 2, assemble the PCB as 
follows. 

Begin by finding the MPSA1¢ transis- 
tor and put it to one side so that it will not 
be placed into the wrong position. 

Insert, solder and crop each compa- 
nent siarting with the resistors. The 
veropins are fitted from the track side, 
remember that C! and Dl are polarised 
devices and must be correctly fitted. 

Having completed the PCB it should 
be now cleaned with alcohol, Ultraclene 
or PCB cleaner (Maplin stock code 
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Figure 2. Component legend. 
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Figure 4. Common supply and centre LED. 


Figure, InnerLED group wiring. 
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Figure 6, Outer LED group wiring. 
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Electronics hobbyists nowadays 
are lucky in that the essential tools, 
such as a good multimeter, can be 
purchased comparatively cheaply. If 
you are thinking of buying one, my 
advice would be to go for the 
traditional type with an analogue 
meter rather than one of the extremely 
convenient digital multimeters — 
unless of course you are lucky enough 
to be able to run to both: unbiased 
advice for you from one who is 
fortunate enough to possess two of 
each sort. My pocket autoranging 
DMM travels everywhere with me 
whilst my Philips PM2521 automatic 
multimeter, although requiring mains 
power, has the advantage of AC 
current ranges and also measures 
frequency and period. However, 
neither is so convenient in general use 
on the workbench as my (now 
somewhat ancient) little Japanese 
analogue multimeter. At 300000/volt 
it admittedly loads a circuit under test 
slightly more than a DMM with the 
usual 10MQ input resistance, at least 
on the lower voltage ranges. But! like 
its instant response to changes; trying 
to follow a trend on aDMM when 
making an adjustment is not nearly so 
easy. 

Point Contact's first multimeter 
was a home made affair, 
incorporating an ex-Govt 312" 1002A 












meter which cost 15 shillings at 
Charles Brittain (Radio) Ltd in Upper 
St. Martin's Lane — as a schoolkid it 
took me weeks to save up that much 
from my pocket money. A later 
improvement incorporated a home- 
made current transformer So as to 
provide AC current ranges. It had no 
built-in overload protection but 
nevertheless gave faithful service for 
many years until one day it died the 
death through carelessness. It was 
late and | was tired, but before turning 
in, | thought | would just measure the 
resistance of the elementin the kettle | 
had used to make a night-time drink. | 
selected the low ohms range and then 
unaccountably proceeded to connect 
the test prods to the kettle end of the 
mains lead (which was still plugged 
in) instead of to the pins of the kettle 
element! The moral is — if you're tired, 
don’t; just go to bed instead. 












by Point Contact 


, = « 


Electronics engineers are a bright 
lot by and large and can hold an 
intelligent conversation on almost any 
topic. At work the other day, some of 
my colleagues fell to discussing, 
whether animals could properly be 
described as intelligent. Everyone 
agreed that they could; the only 
question is, to what degree. On 
reporting this conversation to Mrs. 
Point Contact that evening, she stated 
flatly that our cat understood every 
word we said, as had our dog Sheba, 
alas now departed. Whilst | couldn’t 
possibly disagree with her, it must be 
said that an animal's understanding is 
definitely limited: like children, they 
take everything quite literally. We had 
a vivid illustration of this in the Point 
Contact household just recently. We 
noticed that Rusty (our cat) had 
suddenly taken to spending most of 
the day in the “spare bedroom”, that 
is to say my home-laboratory-cum- 
office. He would sit for hours on the 
floor by the computer or even on the 
chair in front of the keyboard. 
Eventually it dawned on us that he had 
heard me talking to Mrs. Point Contact 
(who uses the computer as a word 
processor almost as much as | do) 
about the mouse. 


Yours sincerely, 
Point Contact | 








Maplin Magazine December 1990 


YTE6W and YJ45Y), then put it to one side 
SO as not to damage it while you are 
building the festive star 


Building the Festive Star 

Begin by taking a photostat or trace 
around the star printed on the previous 
page to use as a template, make a star (or 
any other shape you may fancy) from any 
matenal handy e.g. thin plywood, hard- 
board, perspex or thick card. Metal and 
other conductive materials should not be 
used, otherwise the LED's could become 
short circuited. Alternatively a decorative 
star could be purchased from your local 
Christmas decoration supplier. 

Once the star has been cut out and 
the 5mm holes drilled for the LED's, cover 
the face of the star with baking foil or 
aluminium laminate (Maplin stock code 
XY19V), or alternatively some silver or 
coloured glitter to make it look pretty. The 
next jobis to glue the LED's into the star in 
the positions shown in Figure 3. Allow the 
glue to set before attempting to wire up 
the LED's 

Connect the LED's using the cable 
supplied as shown in Figures 4, 5, 6 and 7, 
the cathode being the shorier of the two 
leads. Figure 4 shows the common supply 
to the top anode of each group of LED's, 
and the lead to the cathode of the centre 
LED. Figure 5 shows the first group of 
LED's away from the centre, Figure 6 
shows the outer group of LED's which is 
Wired in the same way as the inner group 
and Figure 7 shows all the LED's wired up. 
Having now completed the wiring, the 
LED legs should be trimmed as short as 
Possible. 


Testing 

To test the controller, connect the 
leads from the star as shown in Figure 1, 
and connect a PP6 battery to the battery 
clip or apply 6 to 9 volts DC to the power 






























LED wiring on rear of completed star. 


socket, the pin of the socket being OV. The 
LED's will start to flash, if any group of 
LED's fail to light; check to see ifone of the 
LED's has been inadvertently fitted the 
wrong way round. 





‘The above items. excluding Optional, are available as. a kit 
Order As LP54J (LED Xmas Star Kit) Price £6.95 


‘The following item is also available separately 
but is not shown in our 1991 catalogue: 
LED Controller PCB Order As GE72P Price £2.75 





Analogue Versus Digital 


Electronics is largely concerned 
with the generation and processing of 
signals. To quote one example, a signal 
may be generated by a radio transmitter, 
sent through the aether, picked up by a 
receiver and then processed so as to 
produce an intelligible output, such as 
sound. Ina second, totally different case, 
when a key on a computer keyboard is 
struck a signal is also generated. 
However, this time the signal is 
processed in such a way as to produce a 
code, that corresponds to that particular 
key, which is then stored in the 
computer's memory. A visible ‘echo’ 
appears on the computer screen at the 
same time, to provide some feedback of 
what is being typed. 

In what ways are the above 
examples similar, and in what ways 
different? They are both concermed with 
communicating; furthermore, the 
communication may be over along 
distance or a short distance, Long 
distance radio transmissions may be 
worldwide, or even from space to Earth, 
or vice-versa; an example of short 
distance radio communication is a 
walkie-talkie link within a very limited 
area, such as inside a building. A 
computer may communicate over long 
distances using the public telephone 
network; it may also communicate over a 
distance no greater than the physical gap 
between itself and a printer to which it is 
connected. 

One way in which they are different 
is in the type of signal that each handles. 
In the case of the radio system described 
above, the signal may have an amplitude 
of many volts at the transmitting end but 
only be a few millivolts, or even a matter 
of microvolts, in value at the receiver 
aerial. The information contained in the 
radio signal usually takes the form of 
amplitude, phase or frequency variations 
of the transmitted wave. This type of 
signal is described as ‘analogue’; such 
signals are able to take up any one ofan 
infinite number of values between some 
specified pair of limits. For example, if 
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the potentiometer of Figure la was 
perfect then, as the wiper was moved 
from the bottom to the top, the output 
voltage would vary smoothly between 
zero volts (OV) and the maximum stated 
value of 10V, Between these two limits it 
should, in theory, be possible to obtain 
any voltage we liked. 





Figure 1. Example of (a) an analogue signal 
and (b) a digital signal. 


The signal handled by the computer 
circuits will be much more consistent in 
amplitude (as we shall see in more detail 
shortly) and the information is contained 
in what is termed a ‘binary pattern’. Such 
a signal is termed ‘digital’. Ignoring 
tolerance for the time being, a digital 
signal only ever has two values, which 
are known as ‘logic levels’. One of these 
is called logic 0 (logic zero), the other is 
called ‘logic 1' (logic one). Figure lb 
shows a digital signal, this being termed 
the ‘pulse train’. It is quite obvious from 
this diagram that the signal fluctuates 
between the two logic levels and never 
assumes a value in between. Again 
assuming a perfect world, the signal 
would switch between the two states in 
zero time. 

It would be reasonable to ask why a 
signal, that only ever has two values, 
should be so useful. It obviously is since 
So much of modem technology depends 
upon it. The branch of electronics that is 
devoted to the study of such signals is 
termed ‘digital electronics’, as compared 
with ‘analogue electronics’, which 
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concerns itself with the uses of analogue 
signals. 

The need to compute ona grand 
scale has existed for a long time. Before 
digital computers became so powerful, 
reliable and, most importantly, 
economically viable, much scientific 
computing was carried out using 
‘analogue computers’, which handled 
various waveforms as well as D.C. levels 
(the analogue signals), Values in such 
computers used the decimal notation 
(also called denary) that we are familiar 
with. Because of this familiarity, some of 
the early work on digital computers 
attempted to generate and process 
signals that had ten discrete voltage 
levels, corresponding to the ten denary 
values, 0 to 9 inclusive. Such a system was 
doomed to failure. It is a virtual 
impossibility to keep such signals 
anywhere near their nominal values in 
any practical system and still be able to 
guarantee telling one from the other 
without ambiguity. 

The answer, of course, is to have as 
few different voltage levels as possible; 
the least one can have is two —hence the 
use of the binary system. It then becomes 
relatively easy to distinguish between the 
two levels. It is rather like only having to 
tell the difference between black and 
white, without the need to distinguish 
between eight different grey levels as 
well! In practice, it is still necessary to 
assign permissible variations in the 
values of the two logic levels, since any 
Practical system is bound to introduce 
voltage drops in the signal path. The 
penalty for haying only two digits is that 
more digits are needed, to representa 
given value, than in decimal. We shall 
appreciate this better later. 

Figure 2 shows possible tolerances 
for the two logic levels in a system in 
which logic 0 is nominally represented by 
OV and logic | by +5V. As willbe seen 
from this figure, any voltage between 0V 
and +0-8V is accepted as being 
equivalent to logic 0, while any voltage 
between +2V and +5V is considered as 
being a logic | level. The region between 
the two tolerance bands is somewhat 
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Figure 2. Tolerances on the logic levelsina 
TTLsystem. 


colourfully termed ‘no man’s land’. 

‘The above discussion seems to show 
a clear cut division between digital and 
analogue electronics. Practice shows 
that, not only are there areas of overlap, 
but also areas where digital electronics 
can usurp the former functions of 
analogue components. Radio, television, 
audio systems and control systems have 
traditionally been the preserve of 
analogue electronics. However, it is 
possible for an analogue radio signal to 
carry digital information, such asin the 
digitised teletext pictures or digital 
‘stereo sound, Control systems are 
invariably controlled by a digital 
computer, even if an eventual conversion 
fo an analogue signal is made in order to 
drive analogue machinery. 


The Binary Signal 

Abinary signal is shown in Figure lb 
andis seento consist ofatrain of pulses. In 
the example shown, ifa pulse represents a 
logic land the absence ofa pulse, alogicO 
then, reading from left to right, the number 

10101010 could be said tobe represented 
by this particular binary pattern. This is 
shown again in Figure 3 with the addition 
of these ‘column values’. The column on 
the far leftis termed the most significant 
digit (MSD) and the column on the farright 
the least significant digit (LSD). The 
principle for interpreting the value is the 
same as we are used to using in the more 
familiar decimal system. In the latter 
System, the number 328 means: 
300 + 20+ 8, 
= (3x 100) + (2x10) + (8x1), 
= (3x 10°) +2x 10!) + (8x 10%). 

What the last line showsis that each 
column has a ‘weighting’, whichis the base 
(inthe decimal system the base is 10) 
raised to a power which ascends fromthe 
column on the far right as we move tothe 
left, For the hundreds column this power is 
2, forthe tens columnitis 1 and for the 
units column itis 0. (This last fact may be 
difficult to swallow if maths is not your 
strong subject!). 

The same rule applies to the binary 
system. Taking the number that we 
obtained above, namely 10101010, this has 
eight columns, so that the powers of 2, 
reading from right to left, will be 0-7 
inclusive. 

‘This gives: 

(1x2%) + (Ox2*) + (1x25) + (0x24) + 
(1x2°) + (0x2") + (1x2!) + (0x2), 
= 2+ 2+ 27 +2), 
=128+32+8+2, 

= 170. 

Providing that one can remember or 
otherwise obtain powers of 2, itis very 
easy to evaluate binary numbers, as 
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Most significant 


digit (MSD) —® 2”) 2 2 2% 


128 64 32 


VALUE = 1284+32+8+2 








Least significant 


2 2) 2 <— Gigit (LSD) 


= 170 


Figure 3. The signal of Figure 1 (b) with column weightings added. * 


the above example shows. Anything 
multiplied by 1 equals itself, while anything 
multiplied by 0 of course equals zero. 


Logic Gates — 


Combinational Logic 

As might be expected, combinational 
logic deals with logic units combined to 
perform some specific function. The logic 
unit used is a basic ‘building brick’ known 
asa gate. There are only a few different 
types of gate and itis a characteristic of 
digital circuits that they may contain many 
such gates interconnected in what one 
might sometimes call a ‘logic array’. In 
practice a more specific term will 
normally be used such as decoder, 
multiplexer, adder, etc. Whatever the 
function ofa particular block of logic, it 
will have several inputs and at least one 
output. The inputs will be designated in 
some specific way, usually by letters from 
the beginning of the alphabet: A,B, C, D, 
etc. The outputs may be designated by 
letters from later in the alphabet: P, Q, R, or 
X, Y, Z, for example. Alternatively, they 
may be designated by the letter F witha 
numeral attached if there are several 
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Figure 4. An unspecified logic block with 
two inputs, A and B, anda single output, F. 
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Figure 5. The logic block of Figure 4now 
fully described. 





outputs: Fl, F2, F3, and so on. Other 
schemes are inuse also. 

Whatever the purpose of any logic 
block, the way it acts is to give acertain 
output or outputs in response to particular 
inputs. Since the signals, whether at inputs 
or outputs, can only ever be atlogic 0or 
logic 1, one way of describing the block's 
function would be to state which 
combinations of inputs (that is, the binary 
Patterns at the inputs) would cause the 
outputs to be at logic | level. As we shall 
see shortly, there are several different 
ways in which this can be done. 

Figure 4 shows the way in whicha 
block of logic may be represented. In this 
case, there are two inputs AandB, and 
one output, F. This diagram tells us, by 
itself, nothing more than these bare facts. 
There is no indication ofits function. This 
information has to be added in some other 
way. Here are some of the possible 
methods, 

(i) By writing in the name of the function 
within the outline of the block. 
ii) By means of a truth table, 


(iii) By a Boolean algebraic expression. 


Sometimes method (i) is adequate, 
but relies on our knowing exactly what 
suchanamed block does, 

Method (ii) states specifically what 
logic levels the output takes up in 
response to the possible input level 
combinations. 

Method (iii) is the most powerful. 
From it we can derive method (ii) anyway, 
assuming we wantto, Alsoit allows us to 
design the contents of the block, or to 
know what the block is likely to contain, if 
italready exists. 

InFigure 5 the logic block of Figure 4 
has been taken and all three methods 
applied toit. 

(i) Thename given, that describes its 
function, is ‘exclusive-OR’ gate. 

(ii) Atruth table for this block shows that, 
only when the two inputs A andB, have 
different logic levels is the output F 
equal to logic 1. 

(iii) The Boolean expression that 
describes the block is 


F=A.B+ AB 
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Figure 6. Obtaining a truth table experimentally. 
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Figure 8, The 2-input AND gate. 


Truth Tables 

Alookat the truth table forthe 
exclusive-OR gate of Figure 5 shows thatit 
has a column for each of the inputs (just 
two, AandB, inthis case), and acolumn 
for each of the outputs (just one, F, in this 
case). Each row contains a unique 
combination of the inputs and the logic 
level that will be obtained at the output in 
response to that combination. 

Since there are only two inputs, each 
ofwhich can only take up one of two 
possible levels, there will be 2° = 4 
combinations, As seen, these are: 00,01, 
10and 11. The outputs obtained, 
respectively, for each of the combinations 
are; 0, 1, land 0, Ingeneral, ifthere are 'N’ 
inputs the number of combinations will 
always be 2%, 

‘Thus, three inputs A, B and C will 
have 2° = 8 combinations; four inputs A, B, 
Cand Dwill have 2* = 16 combinations, 
andsoon. 

‘The interpretation of a truth table is 
that it tells us which input combinations 
produce logic | at the output, and which 
combinations produce logic 0 outputs. 
Truth tables may be given as the statement 
ofaproblem, usually where a circuit witha 
particular function is to be designed, or 
they may be obtained experimentally, as 
shown in Figure 6, on an existing logic 
circuit. All thatis needed are switches that 
Provide the required input logic levels 
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Figure 11. The NAND gate used to provide AND/OR/NOT logic. 


and some form of visual indicator: LED 
driver circuit, logic probe, etc, to 
determine the output level in each case. 
There are many practical uses for 
circuits of this type. It might be required to 
Switch a relay, for example, whena 
certain input combination occurs; ora 
certain block of memory ina computer 
should be selected (the basis of memory 
decoding); or the output could be the 
result of a mathematical operation, as in 
adders and other arithmetic circuits. 


Boolean Algebra 

Ttis less easy to discuss this topic in 
justa few paragraphs. It is not my intention 
to get into Boolean algebra in any depth, 
butjust to explain a few basic ideas, 
enough to allow a sensible investigation of 
logic circuits to be made. Itis a form of 
algebra in that variables are represented 
by letters of the alphabet; logical 
operations can be performed on these 
variables so as to describe the 
performance ofa logic circuit. To the 
newcomer the operators used canbe 





initially confusing because they mean 


different things in the more familiar 
context of ‘normal’ maths. For example: 

ThestatementF = A +Bmeans AOR 
Bandnot A PLUSB. 

The statement F = A.B means A AND 
Band not A TIMESB. 

Thereisanother operator which _ 
consists ofa ‘bar’ over the variable, e.g. A 
(usually called NOT A or sometimes 
A-bar). Itmeans the ‘inverse of A’ orthe 
‘opposite of A’. Thus, ifA = Othen A= 1 
and vice-versa. Some Boolean algebraic 
Statements look very complex indeed but, 
when they are examined carefully, are 
found to consist solely of combinations of 
AND, OR and NOT functions. These will 
now be explained. 


The OR Function 

This implies some alternative 
Possibilities. In fact it means that the 
output of the logic gate (known as anOR 
gate) willbe logic lif: 

EITHER A= 1;ORB= 1;ORA=B=1 

Figure 7 shows the British Standard 
(BS) and U.S. symbols fora 2-inputOR 
gate, together with its tmuthtable. 





wl >I 


(BE_ MORGAN'S 
THEOREM) 


AND 





é 





Figure 9. The inverter (NOT gate). 
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Figure 12. The NOR gate used to provide AND/OR/NOT logic. 
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The AND Function 


This implies some coincidence. It 
means that the output of the logic gate 
(known as an AND gate) will be logic 1 if: 

Aand B= 1 only; otherwise the output 
=logic 0. 

Figure 8 shows the BS and U.S. 
symbols fora 2-input AND gate, together 
with its truth table. 


The NOT Function 
(inverter) 


There is a type of gate (shownin 
Figure 9) which has just one input and one 
output. The ‘bubble’ at its output tells us 
that it will invert the input logic level. The 
truth table shows this clearly. Ifthe input 
A= l;thenF = Oand vice-versa. 


NAND and NOR Logic 


Gates are available as multiple 
assemblies within a single IC package. 
For example, one 14-pin IC can hold either 
four 2-input AND gates; four 2-input OR 
gates or six inverts, If a certain circuitis 
designed that contain, say, three AND 
gates, two OR gates and an inverter, it 
would be necessary to use three IC's if 
AND/OR/NOT logicis used. Thisis 
wasteful and takes up an unreasonable 
amount of board space. It would be much 
better if only one type of gate could be 
used, since this would normally lead tothe 
use of a smallernumber of IC's, 

Asithappens, the three functions 
discussed above, namely AND, OR and 
NOT, can be realised using other types of 
gate, known as NAND and NOR gates. The 
term NAND is derived froma combination 
ofthe terms NOT and AND, while NOR 
comes from NOT and OR combined. The 
symbols for these gates, with their truth 
tables are shown in Figure 10. Compare 
the NAND truth table with that forthe AND 
gate in Figure 8, and dothe same for the 
NOR gate, comparing it with Figure 7. 
They are seen to be opposites, as 
expected. In terms of Boolean algebra, the 
output has a bar overit to indicate the NOT 
part of the NAND or NOR function. 

Figure 1] shows how to connect 
NAND gates to obtain the AND, ORand 
NOT functions, while Figure 12 shows the 
same for NOR gates. In both cases, an 
inverter can be obtained by strapping 
together all input pins. The AND function 
is nothing more than an inversion 
following the NAND function. Similarly, for 
the NOR gate the OR functionisjust an 
inversion following the NOR function. 
Getting OR from NAND and AND from 
NORis easy but not very obvious. No proof 
is offered here but an explanation under 
the heading de Morgan's theorem’ willbe 
found atthe end of this article. 
Breadboarding Logic 
Circuits 

The easiest way of building logic 
circuits quickly is by plugging the IC’s into 
pin-boards and making solid copper wire 
interconnections. A 5V power supply will 
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Figure 14. Circuits for (a) gating a train of pulses, (b) the exclusive-OR gate, and (c) the 


pin-out of the 7400, 


beneeded fortesting TTL chips. (TTLisa 
particularly common logic family, whose 
type numbers begin with the digits 74). It 
is best to wire up aline of holesasthe'+5V 
bus’ and a second line of holes as the ‘0V 
bus’. The power pins onthe IC’scan then 
be connected to these buses with short 
connecting leads. On many TTLIC's, pin7 
isthe OV connection and pin 14 is +5V, but 
it pays to check firstif not sure, since there 
are exceptions to this nile. Tomake TTL 
circuits perform reliably, decoupling 
capacitors should be included. These 
should be 10-100nF short-lead disc 
ceramics and must be connected directly 
across the power pins onthe chip. The 
rule is a minimum of one decoupling 
capacitor for four gate packages. More 
can be used, e.g. one perIC, plus asingle 
104F 6V tantalum electrolytic across the 
power where it enters the board. 

Figure 13 shows the circuits for(a)a 
logic input switch and (b) an LED level 
indicator. It may be convenient to make up 
atest box with, say, four of each of these, 
Provided with 4mm sockets to allow 
connection to the board. 

Finally, Figure 14 shows two circuits 
that can be wired up and tested. The first 
of these (a) justifies the use ofthe term 
‘gate’ since it shows how a logiclevelcan 
be applied to control or ‘gate’ the flow of 
pulses from inputto output. This control 
input, when at logic 1, allows pulses to 
pass through freely, but when atlogic 0, 
the output of the gate is ‘stuck’ at logic It 
can be tested by using the TTL oscillator/ 
flasher described in the first part of this 
Series (Electronics No.37). Pulses can be 
tapped off from either pin 3 of the 5551C or 
from the collector of the LED driver 





transistor. The output of the gate can be 
monitored with either an LED indicator or 
alogic probe. 

Figure 14bis the circuit foran 
exclusive-OR gate. Itis suggested that this 
is wired up and its truth table taken by 
using a pair of input switches to provide 
the input combinations and one of the 
types of indicator mentioned above to 
obtain the corresponding outputs. The 
truth table obtained should then be 
compared with that given in Figure 5to 
verify the results. 

Both circuits require just one TTL 
package, in this case the first in the 
series, a 7400 quad 2-input NAND gate. 
The pin-out for this is also given in Figure 
4c. 


De Morgan’s Theorem 

‘This useful theorem has two forms as 
given below. 
@AFB B, which may be writtenas 
A+B=A_Binstead, merely by 
transferring the bar across from leitto 
Tight. ° 

Tithe inputs to a2-input NAND gate 
are AandB, the output fromthe gate will 
be A.B. The above theorem shows that 
this equals A + B. 

Thus, a NAND gate behaves asanOR 
gate ifthe inputs are first inverted. 
(i) ACB =A + Bor, alternatively, A.B = 
+5, similarto above. 


___ Ifthe inputs toa 2-input NOR gate are 
KandB, the output from the gate will be 
A+B. The above theorem shows that this 
equals AB, 

Thus, a NOR gate will behave asan 
AND gate ifthe inputs are first inverted. 
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1. How many land milesisit from 
Doverto Calais? 

a) 15. b) 30. orc) 22. 

2. Whatis the approximate sea 
crossing time from Dover to 
Calais? 

a) 1 hour. b) Ihour 35mins. ore) 1 
hour 15 minutes. 

3. 1s Zeebrugge in: 

a). Holland. b) Belgium. c) France 
ord) Germany. 

4. Aninternational insurance 
certificate is strongly 
recommended when taking your 
car abroad. Isit known as: 

a) The Blue Card. b) The Orange 
Card. orc) The Green Card. 
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Part 3 — Bigger and Better Systems - 


























Figure lda, Arrangement for measuring the phase angle between loop voltage and current with an 
oscilloscope. 

















Figure 14b. Voltage waveform display with zero crossings marked. 

















Figure 14c, Current waveform display ( with voltage waveform display in the background), showing 
zero crossings, and phase-shift DF. 
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Re-Cap 

We are at Part 3 now, so new readers 
will need to order both Issues 39 and 40 of 
“the mag.’ in order to get the full treatment. 
Meanwhile, the story so far. 

Most hearing-aids are fitted with a 
‘telecoil’, originally so that it would pick up. 
the audio frequency magnetic field gener- 
ated by the earpiece of the old-type 
telephones. This coil can also pick up the 
magnetic field generated by a loop of wire 
arranged round a room, and connected to 
the output of an amplifier, Thus signals 
from microphones, radio, TV or anything 
else can be sent straight into the hearing-aid 
user's ear, without disturbing other people 
and giving much better results for the 
hard-of-hearing person. 


How to Feed Your Loop 
There are said to be two different ways 
of feeding the loop: voltage drive, which 
uses an ordinary amplifier (see Part 2), and 
current-drive, which uses a special ampli- 
fier with a high output source impedance, 
and is said to be better. While this is nor 
entirely a fairy-tale, we shall see this time 
that the matter is not so clear-cut. Not only 
is it possible to get poor results with a 
current-drive amplifier, if you do not 
understand what you are about, but it is 
also perfectly possible to design entirely 
satisfactory voltage-driven loop systems 
(even with multi-turn loops!), and to design 
an amplifier which voltage-drives some 
loops and current-drives others! I propose 
to call such amplifiers ‘intermediate-drive’ 
amplifiers, because most of the apparently 
better terms (such as ‘hybrid amplifier’) 
seem to have been used already for other 
purposes. z 
Tt should be carefully noted that the 
use of current or intermediate drive 
eliminates the natural high-frequency 
roll-off which is inherent in voltage-drive 
systems. Where these techniques are 
employed, therefore, a low-pass filter, 
preferably having a response —3dB at 5 
kHz or thereabouts, should be included in 
the amplifier chain. This will not, however, 
prevent harmonic currents, generated 
through overloading at the amplifier 
output, from flowing in the loop and 
Potentially causing interference to other 
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Figure 15. Frequency response of the magnetic field strength of a loop requiring equalising, the target frequency response and the resulting frequency 


response required for the equaliser. 


equipment. Great care is therefore neces- 
sary, to ensure that overloading cannot 
occur under any conditions of use. 


Simple ‘Series Resistance’ 
Technique 

Tn Part 2, I explained a way of using a 
voltage-drive amplifier with a loop made of 
wire too thick to obtain the necessary SkHz 
bandwidth: a rather more sophisticated 
way than what is a perfectly valid, if 
somewhat crude, ‘series resistor’ tech- 
nique. This consists of simply connecting a 
(likely to be high-wattage) resistor in series 
with the loop, equal in value to the 
reactance of the loop inductance at SkHz 
minus the actual loop resistance. The 
cleverer technique, which permits the use 
of a rather less powerful amplifier, uses a 
capacitor-resistor equaliser between the 
amplifier and the loop, quite a convenient 
place to put it. 

To analyse the series resistor tech- 
nique, we go back to the basic equations 
derived (with full justification from first 
principles where appropriate, so you can 
rely on their theoretical correctness) in Part 
1, The inductance L of a rectangular loop 
a x b metres, made of copper wire of 
diameter d millimetres is: 


L= 4a + b) wH, 

so that the reactance at 5kHz is: 

X=4x 10'aa+ba 

and the resistance is 

R= 18-6 x 10> x 2(@ + bad) 0 
Alternatively, if you know the conductor 


AREA in mm’ instead of the diameter, e.g. 
ifyou want to use Imm? house wiring cable, 


a4 





you can just insert itinto the above equation 
in place of (nd*/4). Or you could use the 
measured value of resistance R: the DC 
resistance is quite good enough. The 
required series resistance is then equal to X 
— R. If you actually want to measure the 
inductance of the loop, this is quite difficult 
without a special bridge. Instead, itis easier 
fo use a power engineer's technique: 
measure the resistance R and the phase 
angle 0 between the voltage and current: X 
is then simply R tané. Appendix 1 and 
Figure 14 show how to use an oscilloscope 
to measure the phase angle: this technique 
is much simpler, if less elegant, than using 
Lissajou's ellipse. 


Neck Loops and Ticket 
Office Systems 


The series resistor technique is the one 
to use for a simple neck-loop. Fifteen turns 
of 7/0-2 insulated wire to make a 300mm 


diameter coil has very little resistance but 
about Sohms of inductive reactance at 
5kHz, With an 80 resistor in series, this 
loop can be fed from the loudspeaker 
output socket of a TV, radio or cassette 
recorder, and only needs a few tens of 
milliwatts drive. With a 40 resistor in 
series, it can be driven by the loop amplifier 
described in Part 2. To ensure that 
Grandma (the name I use instead of the 
pompous ‘hearing-aid user’) does not 
garotte herself if she forgets that she is 
wearing the neck-loop, put a pull-apart 
connector (c.g. HF80B/HF83E) in the 
connecting lead, near where it joins the 
loop. Such loops are also available 
commercially, and may also be fitted into 
cushions or under the seat of a chair, 
although they may be intended for current 
driye and thus do not have the series 
resistor built in. A similar arrangement can 
be used for a ‘ticket-office system’, as used 
in banks, booking offices and indeed 
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Figure 16. Passive low-level equaliser. 
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Figure 17a. Waveforms of the voltage across, and current through, the 
active device connected to the positive supply rail of a push-pull Class B 


‘stage with resistive load. 


anywhere that two people need to com- 
municate and one of them may have a 
hearing problem, 


Voltage-Driven Loop with 
Low-Level Equaliser 


Another way of looking at the 
high-level equaliser circuit is to say that the 
components in series with the amplifier 
Output convert it into a current-drive 
amplifier! Indeed, this cannot be denied, 
for the effect is precisely that the loop 
current is kept constant to a far higher 
frequency than would be the case without 
the equaliser: a ‘conventional’ current- 
drive amplifier does no more. 

Tt is fairly obvious that the same 
equalisation (but not current drive) could 
be achieved at the much lower signal levels 
at the amplifier input, or inside the 
pre-amplifier, What is needed is a ‘step- 
network’, a circuit that gives precisely the 
correct amount of treble-boost to extend 
the frequency response to SkHz, (see 
Figure 15) without producing a peak or 
extending the response too far, so as to risk 
causing interference with other equipment 
and/or overloading of the amplifier itself. 
This latter point should be clearly under- 
stood; if you make the bandwidth wider 
than necessary, you must use a ‘bigger’ 
amplifier to drive the loop at the higher 
frequencies without overloading. This is 
because, if the amplifier is driven too hard 
by unnecessary high-frequency signals, it 
will also distort all the useful, lower- 
frequency signals that are going through at 
the same time, 


Low-Level Equaliser 

Tt isn’t quite as simple as it might 
appear to produce precisely the correct 
equalisation. You only need two resistors 
and a capacitor, as shown in Figure 16, but 
you must choose the right values! The 
underlying, only slightly hairy mathema- 
tics appears in Appendix 2, and results in 
the choice of one of the three component 
values being open, and that choice then 
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Figure 17b. Waveforms 
ofto the right. 


fixes the other two values. Usually, it would 
be the capacitor value that is chosen first 
(for convenience and because variable 
capacitors of the required values are rare 
and very expensive!) and the two resistors 
made preset adjustments, because they 
have to be set up for cach individual size of 
loop. Because their sum is not constant, a 
single pot. cannot be used in this circuit, 
and because of the individual setting-up 
needed, this technique is not widely used. 
Nevertheless, there is no reason why it 
should not work properly if designed and 
set up correctly, 


Power Dissipation in 
Class B Output Stages 
with Reactive Loads 


T was not going to go into this subject, 
but since it has been suggested to me that it 
is another area of confusion, here goes! 

Textbooks analyse the operation of 
Class B output stages (i.e. for audio, 


as for Figure 17a but with partly inductive load. For 


partly capacitive load, the current waveform is displaced to the leftinstead 


anyway, push-pull stages in which each half 
conducts for only one half of the complete 
cycle) for resistive loads only, and derive 
equations for efficiency as a function of 
signal level and the signal level at which the 
power dissipated in the output devices 
(bipolars, FETs or valves/tubes, it doesn’t 
make much difference) is a maximum. 
However, induction loops, unless they use 
the high level equaliser technique explained 
in Part 2 and above, present what may be a 
predominantly inductive load to the 
amplifier. Loudspeakers, except certain 
high-fidelity designs (e.g. some KEF 
models) also present a reactive load to the 
amplifier, and, due to the action of 
crossover networks, this may be capacitive 
or inductive. So the following reasoning 
also applies to conventional sound systems 
as well as induction loop systems. 

The low power dissipation and high 
efficiency of the Class B output stage 
depends on the voltage across each output 
device being high when the current is low, 
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Figure 18. Total power dissipated in the output devices of a Class B push-pull amplifier having a load 
impedance of constant magnitude, as a function of the load phase angle. The parameter mis the ‘drive 
level’, expressed as actual peak output voltage divided by maximum possible peak output voltage. 
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and low when the current is high (Figure 
17a). When the load is reactive, the phase 
relationship between the voltage and 
current is different (Figure 17b), and this 
results in more power being dissipated in 
the output devices, which therefore get 
hotter, It is possible to calculate what 
happens (see Appendix 3), and the results 
are shown graphically in Figure 18. 
Provided the signals are similar to speech. 
with a maximum-to-average ratio of 15dB 
or so (i.e. factor m = 0°177 in Appendix 3), 
itis not necessary to be concerned about the 
extra heat, but this is far from: true if you 
‘Want [0 pass sine-wave signals at maximum 
level through the system for any length of 
time (whatever for?), You then need 2-5 
times as much heat sinking (i.e. one quarter 
of the thermal resistance) with a pure 
inductive (or capacitive; the same equations 
work for both) load as for a resistive load, 
which usually represents a big difference in 
size, cost and weight. 

It is important to realise that the 
output stage does not ‘know’ whether the 
amplifier is a voltage-drive amplifier or a 
current-drive amplifier: there is absolutely 
no difference in power dissipation if both 
are working under the same conditions. 
The one configuration that gives better 
results (less heating) is the high-level 
equaliser, because this converts the induc- 
tive load of the loop into a more nearly 
resistive load, at least up to the chosen 
band-limit frequency (or higher, if you use 
ahigher frequency in the relevant equations 
in Part 2). 


Pure Current-Drive 
Amplifier 

In Part 2, I described a voltage-drive 
amplifier for a small loop system, based on 
the TBA810 IC. The prospect of trying to 
make a current-drive amplifier, based on 
the same device, stable under all load 
conditions did not look attractive. How- 
ever, it is possible to make a current- 
drive amplifier based on the TDA2030 
(WQ67X). I should emphasise that chis is 
only an experimental design and not a 
finalised project. The circuit is shown in 
Figure 19, and does nor fit well onto the 
Maplin 15W amplifier kit PCB, because 
that uses a single supply rail. This design 
uses +9¥ rails, and the load has to be DC 
coupled, so DC offset can be a real problem 
if the load resistance is high. The 1kO 
resistor across the output helps to minimise 
this. Without it, the amplifier goes bananas 
if the loop is disconnected, because its 
feedback disappears and it has over 90dB of 
gain under those conditions. 

The pure current drive is obtained by 
applying negative feedback proportional to 
the output current, derived from the 
yoltage drop across R6. The manufacturer 
of the TDA2030 says that the closed-loop 
voltage gain (pin 4 to pin 1) should not be 
less than 24dB, presumably to avoid 
instability, so for a minimum loop 
resistance of 0°50, R6 should be, say, 
0-10, giving 15-5dB attenuation, and R2 
should then form a 10dB attenuator (to give 
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Figure 19. ‘Pure’ current-drive amplifier based on the TDA20301C. 


some safety margin) with R7, as shown. A 
lower minimum load resistance requires 
more attenuation in the R2/R7 divider 
and/or a lower value of current-sensing 
resistor R6, This amplifier will deliver 2°SA 
into any load requiring less than about 8V 
peak to drive that current, i.e. 2°39, and 
this is a clue as to one way to get into 
difficulties with a current-drive amplifier. 
If your loop impedance is too high, 
especially at 5kHz, the amplifier will ‘run 
out of yolts’ and be unable to sustain the 
required current, and thereby its reputa- 
tion as a ‘constant current source’. 

We can calculate the voltage required 
by a loop as follows. It is obvious that fewer 
volts are required for a loop that has as lowa 
resistance as possible, because any extra 
resistance requires extra volts, above those 
required to drive the necessary current 
through the inductive reactance (which is 
fixed by the loop dimensions and cannot be 
reduced). However, as explained above, 
there may be a lower limit on loop 
resistance, dictated by the need to ensure 
that the amplifier is not given too much 
feedback. It is nevertheless very likely that 
a practicable size of loop conductor can be 
chosen, so that the inductive reactance at 
SkHz greatly exceeds the resistance, which 
can thus be neglected. The current 
required is given by the equation from 
Part 1: 





I= wabH,/2d, 

where a and b are the sides of the loop in 
metres, H, is the required magnetic field 
strength (after allowing for the reduction of 
field strength with listening height — see 
Part 1), and d is the diagonal measurement 
of the loop, V(a* + b*). The voltage 
required to produce 3dB less than this 
current at the upper band-limit frequency 
in the inductive reactance of the loop is: 


V = V2 x wi. x 4 x 10 fa + b) x 
wabH,/2d 





For f, = 5kHz and H, = 0:56 Am“‘, this 
simplifies to: 


V = 0:078ab(a + bY V(a? + b*) volts 


Note that the voltage depends in a 
complicated way on the dimensions of the 
loop: it isn’t simply proportional to the 
area, for instance. However, for a square 
loop only (a = b), it is proportional to the 
area: 





V = 01a? volts 


For a loop 20m by 20m, for example, V = 
44V. Since the current I = 12-444 for this 
loop, it appears that we need an amplifier 
‘power rating’ of 547W for this loop! It is, 
however, possible to use a more modest 
amplifier by taking advantage of the fact 
that the spectra of most programme signals 
fall at high frequencies. The permissible 
extent of this allowance, without risk of 
amplifier overload, is complicated by 
haying to take into account any treble-liftin 
the microphone frequency response, and 
any other relevant factors. It is difficult to 
give more than a guide figure, but 7dB 
reduction may be permissible, and this 
implies a voltage of 18V and a ‘power 
rating’ of 220W, a worthwhile reduction. 
Note that the ‘power’ is not reduced by 
7dB, because the need to supply 12-44A at 
low frequencies still applies. A further 


reduction could’be achieved by including a ~ 


compressor in the pre-amplifier, so as to 
reduce the maximum-to-average ratio of 
the signals from about 15dB to, say, 9dB 
(any more compression would not sound 


very good), 

Output Source Impedance 
of a Current-Drive 
Amplifier 


This is a concept which causes great 
confusion. Figure 20 may help to explain 
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a, 


that any source of signals may be regarded 
as cithera voltage generator V, volts (of zero 
impedance) in series with an impedance Z, zs 
(called the Thevenin equivalent circuit), or 7 Stent 
as a current generator I, amps (of infinite VIL Generator Vit 
impedance) in parallel with the same Voltage Generator infinite. 
impedance Z, (called the Norton equivalent Zero impedance impedance 

@) Vs VY GA Is si} “ a 


ccc 











circuit). V,, I, and Z, are related by Ohm’s 
Law: 


V. = 1.Z, 

















If the source of signals is an amplifier, Z, is 2 o 
called the ‘output source impedance’, and is 
something totally different from the load 
impedance Z; , which is what you connect 
to the output terminals externally. For an 
ordinary audio amplifier Z, is typically 
0:10 or less. For the TDA2030 current- 
drive amplifier configuration, the output 
source impedance can be shown to be: 

















Figure 20a. Thevenin equivalent circuit of the 
output of an amplifier (or anything else). Z, is 
the output source impedance and Z, is the 
load impedance, 


Figure 20b. Norton equivalent circuit, with 
identical characteristics to Figure 20a. 


an output source impedance of 109, i.e. 


high source impedance, and perhaps near current drive for most loops, we get: 
5 : 


fequires care not to violate the minimum 
loop resistance requirement for stable 
operation. An amplifier with both voltage 
and current feedback can be designed to 
haye almost any value of output source 
impedance that seems desirable, and may 
be more tolerant of the exact value of load 
impedance. It is thus possible to design for 
nearly current-drive conditions (output 
source impedance about 10 times the loop 
impedance, instead of the 100 or more 
times typical of pure current feedback), or 
for ‘intermediate-drive’ conditions, where 
the amplifier output source impedance is in 
the region of 2, so that it nearly 
current-drives low-impedance loops (e.g. 
0-5) and nearly voltage-drives high- 
impedance loops (e.g. 80). 

The typical feedback configuration for 
this type of amplifier is shown in Figure 21. 


Vi ~ Vr = 7R3 + 20R;/(R, + R:) = 1 
Z, = ARs R;/(R2 + Ry), (volt), 
where A is the open-loop gain of the 
TDA2030: the data sheet says this is 
typically 90dB (= 31,623 times!), and it 
could possibly be twice this for some 
samples. For the values given, Z, = 9380. 
The 1kQ resistor across the output appears 
in parallel with this, giving an effective 
source impedance of 4849. Another 
version of this circuit that I have tested, 
gives a 20 times higher value. Since we are 
dealing with load impedances of the order 
of 32 or less, there is no need for such a 
high source impedance (although it may do 
no harm). For example, if the loop 
resistance is 0°59, and the inductance is 
100HH (i.e. a loop of $0m perimeter), the 
loop impedance is 3-20 at SkHz. If the 
current were set at 1A ata low frequency, it 
would fall to only 0°9945A at 5kHz! 

The claimed advantage of current- 
drive amplifiers is that you don’t have to be 
so careful about the size of loop conductor, 
and it is certainly true that you are not 
restricted to 7/0-2 or thinner wire, as you 
are for a directly-connected voltage-driven ifoue 

y pu 

loop (although not, of course, if you use a 

series resistor or a high or low-level Vv. i Ro 
equaliser). However, the amplifier will not } R 

be very efficient at low frequencies if the f 3 
loop resistance is as low as the value of the 
current-sensing resistor, and, as we have 
seen above, a minimum load resistance may 
have to be specified in order not to violate 
minimum closed loop gain conditions 
imposed by the active device manufacturer, 
If there is a need to put high-level 
continuous tones through the system 
(perhaps for alarm signals), the loop 
resistance should be kept up to at least half 
the value of the inductive reactance at 
SkHz, so as to limit the extra heating 


since the open-loop voltage gain A is 
assumed to be very large. Also; 


R; (Ry + R2) /R; = 10 (ohms) 


From the first equation, 


R2(R, + R2) = (1 — 7R;)/20, 


Turning this upside down and putting it 
into the second equation: 


20R3/(1 — 7R3) = 10 


giving R; = 0°11 (three resistors of 03302 
in parallel). Substituting in the second 
equation, and choosing R, = 1k for 
convenience, R, = 89k. 

An exactly similar calculation, for the 
same input voltage of 1V for full output, 
but a source impedance of 30, giving 
intermediate drive conditions, results in R3 
= 0:073 (wind it yourself!) and, if R2 = 
1kO still, Ry = 40k0. 














A Practical Intermediate- 
Drive Amplifier 

To be useful for a loop system in a 
church, for example, quite a powerful 
amplifier is necessary. I have been looking 
at a design based on the Maplin 50W 
(discrete) amplifier LW35Q, because this is 
a very high-quality design and is capable of 
delivering far more current than the 4-24A_ - 
implied by the specification of 72W into a 
40 load. (This is essential for a high-quality 
audio amplifier because, under certain 





Figure 21. Typical combined voltage and 
current feedback configuration. 


R, and R; provide the voltage feedback, 
while the voltage across R;, proportional to 
the loop current, is added in series with R2 
as current feedback. The output source 
impedance of such an amplifier, including 


(Figure 18). 


Amplifiers with Combined 


Voltage and Current 
Feedback 


We have seen above that pure current 
feedback, giving pure current drive to the 
loop, drives the loop from an unnecessarily 
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the physical resistor R; is R: * (Ri + 
R2VR2, if the open-loop gain A of the 
amplifier is much larger than R,/Ro. It is 
possible to design for a given sensitivity and 
@ given output source impedance simul- 
taneously, and still choose the value of 
either Ry or R; arbitrarily. For example, if 
an amplifier is required to have an input 
voltage of 1V for full output, deliver 7A 
maximum and 20V maximum, and we need 





conditions, loudspeakers can draw unex- 
pectedly large currents.) The basic design, 
which is still experimental, is shown in 
Figure 22. Combined voltage and current 
feedback has been applied, and the 
open-loop bandwidth adjusted by increas- 
ing C; so that stability is maintained. 
However, in order to be useful, this final 


Continued on page 70. 
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Introduction 

Many projects from the Maplin 
range have proved to be popular over 
the years. However, modern technol- 
ogy and electronic components have a 
habit of changing with the result that 
some of these projects are in danger of 
becoming obsolete as the originally 
specified components become un- 
available or standards change. In order 
for some of the more popular projects 
to remain available, updates and 
improvements are necessary, and to 
this end these projects are being 
reviewed in the series “2nd Time 
Around”. This time it is the turn of the 
MOSFET Amplifier. 








TO3 
SOURCE 
(CASE] 
GATE DRAIN 
VIEWED FROM 
ABOVE 











Figure 1. Power MOSFET package. 


by Dave Goodman 
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Specification of 

Prototype 

Power Supply Requirements 

Voltage: +55V DC (MAX) 
Current: 2-5A (80) -5A (40) 


Power Output (1kHz continuous sine wave) 


150W RMS into 42 (absolute maximum) 


Rating: 100W RMS into8 

Frequency Response: 20Hz to 40kHz 

T.H.D.: 0-01% (at 1kHz) 

Input Impedance: 47kQ 

Sensitivity: 860mV RMS input (2-43V Pk- Pk) 


for rated output 
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Ancient History 

The Maplin MOSFET Amplifier 
was originally developed for use as a 
guitar amp in the late seventies and 
first saw the light of day with the 75W 
Combo Amplifier project (‘Electronics’ 
Issue 1). Shortly afterwards - by 
popular demand — the power amplifier 
section from the project was published 
in ‘Electronics and Music Maker maga- 
zine’ and also in the Best of E&MM 
Projects book and has remained one of 
our biggest selling projects over the 
last decade! 

The amplifier was not intended to 
reflect a state-of-the-art Hi-Fi design as 
the requirement was for a rugged, easy 
to build project that would offer good, 
reliable performance and — to quote 
our early advertising — be “virtually 
bomb-proof like the best valve amps”. 
Journalistic licence maybe, but the 
enormous success of this project 
would certainly substantiate this 
claim! 


The MOSFET 


Figure 1 shows the terminal 
connections for a MOSFET, viewed 
from above the TO3 package. The 
Source terminal, incidentally, is the 
metal package itself and connections 
to it are made through both of the case 
mounting holes. Thermally, the MOS- 
FET has an advantage over the bi-polar 
transistor. As a bi-polar transistor 
heats up in use, the collector current 
increases due to the positive tempera- 
ture coefficient of the device. If the 
temperature rise were allowed to 
continue then thermal runaway would 
ensue and the transistor could be 
destroyed. A MOSFET however ex- 
hibits a negative temperature coeffi- 
cient. As the device heats up in use the 
Drain-Source current decreases (due 
to increasing internal resistance), the 
device temperature will also reduce in 
turn and the Drain-Source current will 
then rise again. Used in a power 
amplifier this self regulating effect can 
be desirable as it offers a high degree 
of immunity from misuse — or abuse 
according to your musical taste 
perhaps? 

The symbols given for N and P 
type MOSFETs in Figure 2 relate to the 
Gate voltage and Drain current transfer 
characteristics and show the MOSFET 
to be an enhancement type. 

Figure 3 shows the output charac- 
teristics of typical MOSFET devices. 

These particular qualities of the 
MOSFET allow for much simpler 
designs to be produced, as complex 
biasing and quiescent current com- 
pensation arrangements are not re- 
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Figure 2, MOSFET symbols. 


quired, which is usually the case with 
bi-polar transistors. The typical Total 
Harmonic Distortion (T.H.D.) of the 
MOSFET is very low for output levels 
up to 50W. At higher frequencies and 
power levels approaching 100W the 


T.H.D. levels increase as can be seen in 
Figure 4, although these figures re- 
main fairly insignificant in practical 
terms. 


Circuit Description 

The amplifier design originates 
from the late seventies, as previously 
mentioned and still remains virtually 
the same, except for a few minor 
improvements made to ease assembly 
and improve reliability. In the circuit 
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Figure 3. Typical output characteristics (2SK135). 
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Figure 4. Typical T.H.D. Vs output characteristics. 
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Figure. Circuit diagram for MOSFET Amplifier. 


diagram of Figure 5, TR1 and TR2 are 
configured as the well known differen- 
tial pair front end and for the specified 
power supply, each transistor is biased 
at 500uA. 2SA872A devices are used 
here because of their very low noise 
and high voltage specifications. The 
circuit around TRS and D1 form the 
constant current load for voltage 
amplifier TR4. Potentiometer RV1, 
positioned between TR5 and TR4 
collector, is required for setting the 
quiescent current in the MOSFET 
Output stage. At the fully clockwise 
position RV1 becomes a short circuit 
and the Gates of MOSFETs TR6 and 
TR7 are effectively at OV. By turning 
RV1 anti-clockwise a voltage potential 
is developed between each MOSFET 
Gate and both devices will start to 
conduct. This type of output stage is 
commonly known as class B as the 
MOSFETs will not generate any output 
current until AC signals are present. 
The AC open-loop gain of the amplifier 
is very high, therefore it becomes 
necessary to introduce a feedback loop 
in the form of R6, R7 and C3. These two 
resistors set the AC gain at 33 (times) 
and C3 provides DC blocking to 
prevent symmetry and biasing prob- 
lems at the output. The amplifier gain 
naturally determines the input signal 
level requirements and, for example, 
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with an RMS input signal of 0-86V the 
output signal will be 0-86 x 33 = 28-38V 
(80-2V Pk-Pk). When the amplifier 
output is driving into an 8 load the 
power available will be (28-38 x 28-38) 
+ 8 = 100-7 Watts (RMS). The amplifier 
frequency response is determined, at 
the LF end, by capacitors C1 andC3 and 
rolls off at 20Hz. At the HF end C2, C5 
and C6 begin to roll off at 40kHz but due 
to the simple circuit design, waveform 
distortion becomes more apparent 
here. Resistors R13 and R14 introduce 
gate resistance to the MOSFET to help 
prevent HF oscillation - which MOS- 
FETs are very prone to! C7 and R15 
form a Zobel network which, together 
with Li, ensures good stability when 
driving into reactive loads at higher 
frequencies. 


Construction 

Referring to Figure 6 and the parts 
list assemble the PCB. 

Module assembly is quite straight- 
forward and reference can be made to 
the constructors’ guide for general 
building techniques. Attention must be 
paid to MOSFET and bracket mounting 
and also to inductor L1. Figure 7 shows 
the MOSFET assembly details; first 
position the aluminium mounting 
bracket (Note: this is not a heatsink!) 
onto the PCB and insert one of the five 








6BA bolts through the centre locating 
hole. Fit a 6BA washer and nut to the 
bolt, but before tightening the nut, 
ensure the bracket is positioned cen- 
trally over both MOSFET positions 
shown on the PCB legend, This is 
important — if the MOSFET terminals 
are to be prevented from shorting out 
onto the bracket. Place one silicon 
insulator pad onto each MOSFET and, 
after straightening any bent Gate or 
Drain terminals, fit the MOSFETs into 
their respective positions as shown. 
Finally, lock each device in place with 
two 6BA nuts, washers and bolts 
inserted from the PCB track side. 
Solder all four bolt heads onto the 
copper track to ensure good electrical 
connection. To make the inductor L1, 
first straighten out the 09mm 
enamelled copper wire, smoothing out _ 
the kinks and bends, and close-wind 15 
complete turns using a pencil or plastic 
tube (ball-point pen) as a former. The 
former must be strong and between 
8mm and 10mm in diameter and if 
wound neatly the coil produced should 
be not more than 15mm in length. Cut 
off excess wire and bend both end 
wires at right angles as shown in 
Figure 8; to fit into the PCB correctly, 
bend the two wires allowing for 23mm 
centre spacing. Scrape away the 
enamel from both wire ends then fit 
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and solder L1 into the PCB. Note that 
R16 is printed on the legend but is not 
supplied or required. Resistor R9 may 
be a little large for the existing board 
holes, but will just fit okay. Thicken the 
track running from the Source (case) 
mounting bolt of TR6 to inductor L1, 
with plenty of molten solder. The track 
running between the remaining two 
Source bolt heads can also be treated 
in this way. 


Testing 

First ensure that all components 
have been correctly soldered onto the 
board and that all joints are sound. 
Clean off any excess flux with a 
suitable PCB solvent and inspect for 
shorts and ‘whiskers'— most problems 
on this amplifier are caused by a lack of 
attention here! With a suitable test 
meter set to read ohms check for 
continuity between the mounting 
bracket and each MOSFET case, Drain 
and Gate terminal. Any connection 
between the MOSFETs and bracket will 
cause problems, so if a ‘short’ is found 
it will be necessary to strip down the 
MOSFET assembly to investigate the 
cause. Check between OV pin 4 to +V 
pin 2 and OV to —V pin 5; except for an 
initial ‘kick’ as the decoupling capaci- 
tors charge there should not be any 








1:45 Turns. 
0-9mm EC wire 
‘on 8mm former, 
@.g. pencil. 











Figure 8, Making the inductor L1. 


short circuits here either. Check for 
continuity between the output pin 1 
and the MOSFET cases as well. Finally, 
with a small screwdriver or trimming 
tool adjust the wiper (arrow) on RV1so 
that it points to the + symbol below 
R14. 


Supply and Demand 

A split rail supply is required for 
powering the amplifier and you will 
probably find that this item costs more 
than the amplifier itself! Figure 9 offers 
a suggested circuit for a PSU suitable 
for most requirements. You may also 
like to note that a full specification High 
Quality Power Supply module will be 
available as a kit in a future edition of 
‘Electronics’ magazine. Toroidal trans- 
former Ti (YZ23A) is an audio grade 
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Figure 6. PCB overlay and legend. 
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Figure 7. Method of mounting MOSFETs. 
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Figure 9. PSU and external connections. 


device designed for use with this 
amplifier and has two secondary 
windings fitted: 39V-0-39V for power- 
ing the amplifier and 12V-0-12V for 
additional preamplifier stages if re- 
quired. Once powered up the PSU will 
develop 55V - 58V DC on each supply 
rail and this is the ABSOLUTE MAXI- 
MUM allowed for the MOSFET Ampli- 
fier. Whatever type of PSU is to be used 
DO NOT exceed the maximum voltage 
given as the risk of component 
breakdown will be increased. 

MOSFETs are capable of switching 
heavy currents very fast and this can 
lead to stability problems. Supply rails 
must offer both low impedance and 
low inductance, therefore all wiring 
between the PSU and amplifier must 
be kept as short as possible — wire 
lengths up to 300mm normally present 
little problem. Use heavy duty wire of 
30A rating, preferably with a solid 
conductor, and cooker cable is ideal for 
this job. The copper PCB tracks 
themselves can also offer a high 
inductance and this can be reduced by 
making each +V supply connection 
direct onto the MOSFET Drain terminal 
instead of to pins 2 and 5. 

There have always been argu- 
ments for and against fitting fuses in 
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the supply rails. Much depends on the 
quality, type and reasons for using 
them. Anti-surge fuses are shown in 
Figure 9 as standard types are prone to 
‘pop out’. It is a good idea to fit lower 
value (0-6A) fuses when powering up a 
newly built amplifier for the first time - 
just in case. The transformer primary 
should also be fused — to protect the 
mains connecting cable. It is important 
to use Anti-Surge fuses (3A) as 
torroidal transformers draw a very 
high surge current at switch-on. 


Running Hot ‘n’ Cold 
“What type of heatsink should be 
used with the MOSFET amp?” Thisisa 
simple question, often asked, which 
does not have a simple answer; as this 
totally depends on the application and 
environment where the amplifier is to 
be used. The mounting bracket itself is 
not a heatsink, but the means through 
which generated heat is transferred. 
For maximum continuous power 
availability, a MOSFET must run coo! 
and the largest possible heatsink 
should be used. One method is to bolt 
the bracket onto a panel within a metal 
case used to house your system. Of 
course, the size of the case is important 
—asmall case may feel cool externally 





with your system powered up and 
running, but inside the temperatures 
may be 50°C or more! Another method 
is to bolt the module directly onto an 
extruded, finned heatsink (see Maplin 
catalogue) with a surface area of at 
least 200cm*. 

The points to consider are: 
1. Ensure plenty of space around the 
module for ventilation and air flow. 
2. Bolt the bracket onto heatsinks or 
metal panels — not wood or plastic. 
3. Flat panels themselves do not 
radiate heat readily and should have a 
finned heatsink attached. 
4. Use asmall mains or 12V fan as well, 
for extracting/blowing air over the 
MOSFETs when installed in confined 
spaces. 


Setting Up 

Fit low current fuses in each 
supply rail prior to powering up and do 
not connect a loudspeaker yet. Con- 
nect a multimeter, set to read current, 
in series with the +V supply rail — 
ensuring the current range selected is 
at least that of the fuse fitted— and turn 
on the supply. Assuming that all is well 
thus far, select a lower current range 
on the meter and adjust RV1 for a 
quiescent current reading of 100mA 
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DC. The actual value of 100mA is not 
critical on this amplifier and 80 — 
120mA is fine. Turn off the power and 
after allowing a minute or so for the 
PSU electrolytics to discharge 
(CHECK!) remove the meter and 
reconnect the +V supply rail to the 
module. Re-connect the meter, set to 
read 50 volts DC or more, between the 
speaker output pin 1 and OV. Power up 
again and there will probably be a 
small DC offset voltage of =20- 50mV 
here. If 0-5V or more is present then 
switch off and look for an assembly 
fault or check if one of the test fuses 
have blown. If any component appears 
to be getting hot or the quiescent 
current reading cannot be lowered 
then it is possible that the amplifier is 
oscillating. This effect usually man- 
ifests itself by R15 ‘cooking’ due to the 
Zobel circuit absorbing generated RF 
energy. Re-check the PSU wiring and 
also capacitors C4 to C6 as they are 
easily broken during installation. Pow- 
er down and install the 3A fuses for 
normal use. 


In Use 

Always take OV connections from 
one place on a PSU — including the 
speaker OV return. This is often 
referred to as ‘star earthing’ and 





reducing hum and noise. The OV point 
at which capacitors C101 and C102 join 
together, on Figure 9, is the best place 
to take connections from. When choos- 
ing a loudspeaker, ensure that it is 
capable of handling continuous power 
levels of 100 Watts RMS or more (8() 
version) and 150 — 200 Watts for 40 
versions. Multi-banked speaker 
assemblies should not total less than 
40 and must be connected together in 
parallel/serial combinations to achieve 
this. Remember that many speaker 
impedance figures are nominal and 
will vary according to frequency and 
applied power levels. 

Over-driving the amplifier by ap- 
plying input signals greater than 0-86V 
will cause the output waveform to ‘clip’ 
or square off. Square waveforms are 
rich in harmonics and can cause 
excessive excursions of a loudspeaker 
cone or more commonly, totally 
destroy a tweeter. Guitarists may like 
the sound produced, but speakers do 
not. When using any amplifier at high 
power levels, due consideration must 
be given to the application. Bass 
guitars and ‘miked up’ drum kits, for 
example, generate huge transients as 
strings are plucked or heads are struck. 
For these applications, devices such as 
compressors or limiters have to be 
introduced at the amplifier input — to 





The MOSFET amplifier is robust 
and fairly ‘bomb proof’, but not 
invulnerable. If even greater power 
outputs are required then two ampli- 
fiers can be ‘bridged’ together in 
preference to driving one unit to its 
maximum. Finally, a word about earth 
loops. A correctly working MOSFET 
amplifier and PSU will not produce 
audible 50/100Hz hum by itself, but 
unscreened low level signal wires can 
introduce this. If the PSU OV rail is 
connected to mains earth and other 
equipment connected to the mains 
earth: have their inputs and outputs 
connected via screened wire to the 
amplifier, then a loop exists between 
the screen and earth wires. The mains 
supply generates an electromagnetic 
field that is very easily induced into the 
earth loop and hence the OV rail will be 
carrying 50Hz signals, which are then 
amplified and heard at the loud- 
speaker. One method of reducing this 
common problem is to terminate the 
signal wire screen at one end of the 
wire only. The other end of the screen 
then left unterminated. Another way 
is to connect mains earth to the 
amplifier case - containing amps and 
PSU's — but not to connect OV to the 
case. On no account should any earth 
be removed from equipment con- 
nected to the mains — unless it has 








ensures that eddy currents do not flow Protect speakers as well as the been designed for this purpose or 

between different OV points thus amplifier! double insulated. 
MOSFET AMPLIFIER PARTS LIST Se eee an Gaieitl 2 * (avaax) 

Mosfet Amp PCB 1 (GA28F) 
RESISTORS; All 0-6W 1% Metal Film (Unless specified) Mosfet Amp Mtg.Bracket 1 (GA29G) 
RI 2k2 1 (M2k2) Pin 2141 ‘Apkt (FL21X) 
R23 47k 2 (m47k) Bolt 6BA x inch Long Ipkt —_ (BFO6G) 
R45 3k9 2 (M3K9) Nut6BA Ipkt _ (BF18U) 
RE 1k 1 (Mik) Washer 6BA (shake proof) pk (BF26D) 
R7 33k 1 (M33K) ui EC Wire 0-9mm *SeeText® 1 (BL26D) 
R8,10,11,13,14 1000 5 (Mi00R) Constructors’ Guide 1 (XH78L) 
RO 12k 1W Carbon Film 1 Maan Instruction Leaflet 1 (XK39N) _ 
R12 470 4 (MW cree 
OPTIONAL (Notin Kit) 
RIS 407 3W Wirewound 1 (W4R7) 
RVi tkHor Encl. Preset 1 (UHooA) giuictomioreltial GVA: 5 sat sr 
woi 1 (QL38R) 

CAPACITORS 9 
C1 104F 35V Minelect 1 (JLOsF) sew cabontdm, 2 (ei 
c2 47pF Ceramic 1 (WxX52G) 2,200uF 63V Can 2 (FF22¥) 
C3 4745 50V SMPS 1 (JL478) qO0ne HV. 2 (FA21X) 

| C4 6n8F Polylayer 1 (WWw27E} 400nF 35V Tantalum 2 
C5,6 27pF Ceramic 2 (wx4sD) A78M12UC 1 (QL296) 
c7 100nF Polylayer 1 (wwa41U) ATSN12UC 1 y 
8,10 100nF Polyester 2 (BX76H) Hee aHeN iy (RATADD 
9,11 220uF 63V PC Electrolytic 2 (FF14Q) ee ecu 3 ! 
SEMICONDUCTORS ees) semi Ki! 
o1 44001 1 {QL730) The above items, excluding Optional, are available as a kit: 
TR1,2 2SA872A, 2 (UF75S) Order As LPS6L (Mosfet Amp Kit) Price £19.95 
R34 280756 2 {QQ33L) The following items are also available separately: 
TRS 2SB716 1 (Q031J) Mosfet Amp PCB Order As GA28F Price £2.45 
TRE 2SK135 1 (Qwiol) Mosfet Amp Mig Bracket Order As GA29G Price £1.16 
TR7 28550 1 (Qwosk) a 
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IR Remote Control System for NICAM continued from page 31. 








IRTRANSMITTER 
- PARTS LIST 
RESISTORS: AllO-6W.19% Metal Film 
RI 10R 
R2 2R2 
R3 10k 
R4,5,6,7 1R 
CAPACITORS 
qd 100nF 16V Minidise 
C23 100pF Ceramic 
C45 100F 10VPC Elect 
SEMICONDUCTORS 
iR1,2 IREmitter 
TRI 71x65) 
TR2 Z1X751 
{cl M708L 
MISCELLANEOUS 
CRI 455kHz Ceramic Resonator 
Hand-Held Keyboard Case 
PC Board 
OPTIONAL 
Alkaline AA Batteries 
IRRECEIVER 
PARTS LIST 
RESISTORS: All 0. owt % Metal Film 
R1,2,19,21 
R3,4,11,12 106 
R58 15k 
R67 33k 
R9,10.17 1k 
R13,14 220R 
15 10OR 
RIS 2k2 
R18,20,22 22k 
1,2 1kHor. Encl. Preset 
CAPACITORS 
a 220uF 16V PC Elect 
€2,4,5,20 100nF Minidise 
3 104 16V Minelect 
C611,12,19 — 47uF 16V-Minelect 
78 4u7F35V Minelect 
9,10 22pF Ceramic 
13,14 Inf Ceramic 
C15 2e2F63V Minelect 
cs 10nF Ceramic 
17,18 470pF Ceramic 
SEMICONDUCTORS 
Di,2 1N4148 
TR1,2,3,4 C548 
1 LF351 
(C2 LM13700N 
(c3 TBA2B00 


ro SS 


Sas aah) 


NO—=—NOKNae 


N--NNyhoeo 


(M10R) 
(M2R2) 
(M10K) 

(MIR) 


(YR75S) 
(WX561) 
(FFIOL) 


(YH70M) 
(UH478) 
(UHS1F) 

(UL67X) 


(UL6R) 
(ZA00A) 
(GE67x) 


(FK64U) 


(M4K7) 
(M10K) 
(M15k) 
(M33k} 
(Mik) 
(M220R) 
(M100R) 
(M2k2) 
(M22k) 
(UHOOA) 


(FFI3P) 


(QL80B) 
(QB73Q) 
(WQ30H) 
(YH64U) 
(WU36P) 


MISCELLANEOUS 
Instruction Leaflet 1 (Xk36P) 
Constructors’ Guide 3) (XH79L) 
PC Board 1 (GE68Y) 
skl PCB Skt 12-Way 1 (rw30H) 
PLI,2 PCB Latch PL 4-Woy 2 (Yw11M) 
PL3 PCB Latch PL2-Way 1 (RK65V) 
PCB Lich Hsng 4-Way 2 (HB58N) 
PCB Lich Hsng 2-Way 1 (HB59P) 
PCB Terminal TPkt — (YW25C} 
1P1,2,3 Pin 2145 1 Pkt (FL248) 
DILSKt8 Pin 1 (8L177) 
DILSKI14Pin | (BL18U) 
DILSkt16Pin 1 (BL19V) 
Cable Twin Metre (KR21X) 
OPTIONAL aa 
IR Photodiode (see tex!) 1 (YH71N) 


EXPERIMENTAL IR DETECTOR 
PARTS LIST 


Please Note: The following items are not included in LP20W; and if 
required, they must be ordered separately. A kit is not available for 
these items. 


RESISTORS: All 0-6W 1% Metal Film 
RI AKT 


1 (Mak7) 
R2 3M3 1 (M3M3) 
R34 47k 2 (47K) 
RS 150R 1 (M150R) 
R6 10k 1 (M10K) 
R7 680R 1 (MéB0R) 
RB 100k 1 (100k) 
CAPACITORS 
C12 100nF Polylayer 2. (wai) 
3 1uF 63V Minelect 1 (YY31J) 
C4 10uF 16V Minelect 1 (Y¥34M) 
SEMICONDUCTORS 
IRPhotodiode 1 (YH711N) 
tbr Mini LED Red 1 (WL32k) 
TR1,3 BC549 2 (QQi5R) 
TR2 BC559 1 (QQi8u) 








The above items, excluding Optional, are available as a kit, 

but are not shown in our 1991 catalogue: 
Order As LP20W (NICAM IR TX/RX Kit) Price £29.95 
The following items are also available separately, 
but cre not shown in our 1991 catalogue: 
'NICAM IR Transmitter PCB Order As GE67X Price £6.’ 25 
NICAM IR Receiver PCB Order As GE68Y Price £2.95 
NICAM IR Transmitter Case Order As ZAQOA Price £5.95 
Other NICAM kits are as follows: 

UHF TV Tuner Kit Order As LPO9K Price £39.95 
NICAM Decoder Kit Order As LPO2C Price £79.95, 
Accessory Kit Order As LP18U Price £69.95 
Complete NICAM Tuner System Order As LP19V Price £139.95 
To power the completed NICAM tuner system it is recommended that 
you use the 12V regulated power supply type YZ21X Price £8.95. 
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United Kingdom 


IBA NICAM Coverage 


Transmitter and Relay Upgrade 


By the end of 1990, a large proportion of the 
Independent Broadcasting Authority’s television 
transmitter and relay network will have been upgraded. 
This will enable over 75% of the U.K. population to 
receive the NICAM-728 Digital Stereo TV Sound service 
on ITV and Channel 4/S4C programmes. The IBA 
NICAM coverage is indicated by the shaded areas on the 
map shown right. The following transmitters and their 
dependant relay stations will be providing NICAM 
coverage on the service dates shown: 


Station Programme Service Date 
Company 

Crystal Palace ThamesLWT Operational 
Emley Moor Yorkshire Operational 
Wenvoe HTV Wales Operational 
Mendip HTV West Operational 
Winter Hill Granada Operational 
Black Hill Scottish Operational 
Durris Grampian Operational 
Caradon Hill TSW Operational 
Sandy Heath — Anglia Operational 
Rowridge TVS Operational 
Divis Ulster Operational 
Caldbeck* Border Operational 
Belmont YTV Operational 
Dover TVS Operational 
Pontop Pike Tyne Tees Operational 
Sutton Coldfield Central November 1990 
Bilsdale Tyne Tees December 1990 


*Please Note: The following relays, served by the 
Caldbeck Transmitter, will not be providing the NICAM. 
service: Kendal, Coniston, Hawkshead, Windermere, 
Grasmere, Crosthwaite, Sedbergh and Millthrop. 





If your television receiver or video recorder is not 
suitably equipped with a NICAM decoder then why not 
build the Maplin NICAM Television Tuner Unit LP19V 
Price £139.95. This stand alone unit can be added to your 
existing audio/visual setup, has the option for infra-red 
remote control (see page 24) and provides a whole host of 
facilities for the user. See Issues 23, 34, 35, 36, 38, 39 and 
41 of ‘Electronics — The Maplin Magazine’ for full 
constructional details of the entire range of NICAM kits 
and details of how NICAM is transmitted and received. 
December 1930 Maplin Magazine 













































DIGITAL STEREO 


ITS WRATYOUR 


EARSARE MADE FOR! 





Zero 





by Alan Williamson 


hisis the second of our two Christmas 
Trent projects, something to make 

your Christmas tree fairy lights flash 
in time with the festive star, but no doubt 
this useful little project will find numerous 
applications elsewhere. 

The previously described LED con- 
troller for the festive star is able to control 
up to four zero crossing, optoisolator 
switches, each of which can handle a 250 
watt resistive load, with a triac package 
temperature of approximately 65°C. The 





—S 





ECROSSIN Ap 


opto switch 


triac used here does not have an insulated 
tab, so please do not try to verify the 
temperature with your finger as you will 
receive a nasty shock! 

For safety reasons this project is not 
recommended for beginners. 


Circuit Description 

The circuit diagram shown in Figure 1 
is very simple, consisting of just three 
major Components. These are a transistor 
JR1, an optoisolated zero crossing triac 








































OPI, and a power triac TI]. A zero 
crossing optoisolator was chosen to avoid 
the inherent interference problems associ- 
ated with switching a load on while part 
way through the mains voltage cycle. 

Transistor TRI is used as a switch. 
Applying a positive voltage to P3 will cause 
a current to flow (limited by R2) into the 
base of the transistor (TR1); this current 
turns the transistor on, allowing a larger 
current to flow through R1 and the opto 
LED. The internal triac of the optoisolator 
will then fire the next time the mains supply 
Crosses zero volts. Current is then fed via 
R3 to the gate of TI, activating the power 
triac. Resistor R4 ensures that the power 
triac turns off whilst crossing the OV part of 
the sinewave, and the snubber network 
SN1 suppresses any unwanted noise 
generated by the switching action of the 
triac (TI). 


Construction 


As mentioned before this is a simple 
project, but for safety reasons it is not 
recommended for beginners; notonly does 
the mains supply bite—IT CAN KILL! If you 
have no practical building experience and 
you would like to build this project, then 
please study the Constructors’ Guide 
supplied with this kit very carefully. 

Referring to Figure 2 and the Parts List, 
begin construction with the resistors first. 
The pins are inserted from the track side of 
the PCB using a hot soldering iron. After 
the PCB is completed, it should then be 
cleaned using alcohol, Ultraclene or PCB 
cleaner (Maplin stock codes YT66W and 
YJ45Y respectively). 

















| 
| 
| 
| 
| 
| 
| 
| 
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Figure 1. Circuit diagram. 
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Figure 4. Wiring diagram. 




















Figure 5. Box assembly. 
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E730 188. 
MAINS OPTO SHITCH 











Figure 2. PCB track and legend. 


Testing 


Before testing can begin, the opto- 
switch must be safely housed in a 
non-conductive box; this will prevent 
possible injury to the user during testing 
and use. See Figure 3 for drilling details. 
The wiring of the optoswitch is shown in 
Figure 4, please follow the instructions 
carefully. 

Having now fitted the project into a 
suitable box and completed the wiring, 
testing can now begin. You will need some 
kind of load, so dig out your fairy lights. 
Plug the lights into a 13A wall socket to 
check that they are working properly. 
Unplug the lights from the wall socket and 
change the plug if you wish to use the ELC 
type mains connector, and then plug the 
lights into the optoswitch’s mains socket. 
Next, connect a 9V DC supply to the 
terminal block as shown in ‘Figure 5, 
connect the optoswitch mains lead to a 
13A wall socket and switch on. The lights 
should be off. To turn the lights on, 
connect a wire link from the battery 
positive to the control input (pin 3). The 
unit has now been tested and is ready for 
use. Figure 6 shows the interconnecting 
wiring between the two modules. 

An alternative use for the optoswitch 
would be to use it as an interface for 
computers to contro! mains equipment, 
although the value of R1 would have to be 
reduced to 4709. 





Continued on page 63. 
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COMPUTERS 


IN THE 


REAL 
WORLD 


Part 9 by Graham Dixey C.Eng., M.I.E.E. 


Introduction 


The printer is an example of an 
‘output’ device, which the computer drives 
to provide the user with ‘hard copy’ from 
his program. A familiar application of this 
type is wordprocessing. There is little 
point in writing and manipulating text on 
screen if a permanent copy of this cannot 
afterwards be obtained. Wordprocessing 
uses may include anything from a short 
letter, to a block-busting novel. Other 
software packages that require a printer at 
the final stage include spreadsheets (for 
accounting), databases (for record 
keeping), desk-top publishing or DTP for 
short (creating a mix of text and graphics 
for handbills, newsletters, magazines or 
books for example) and Various drawing 
programs for generating original artwork. 

Tosome extent the printer that one 
buys needs to be matched to the required 
end product. However, cost influences the 
choice as well. The price range is wide. It 
is possible to’buy a printer fora litte over 
£100 (the ‘show bargain’ price for some dot 
matrix models), but more sophisticated 


models, especially laser printers, may 
nudge or even exceed the £1000 mark. 

This final article in the series will take 
a look at the various types of printer 
available and perhaps lift the lid on a few 
of their mysteries. There is a certain 
satisfaction to be gained from listening to 
the ‘buzz’ of a working printer, whilst 
one’s masterpiece gradually emerges. This 
is especially true when using the graphics 
mode, but also when printing text of 
different styles. There are also great 
frustrations when things don’t go so well; 
when the printer sits in obstinate silence} 
when it insists on underlining when it 
shouldn’t or puts in totally uncalled for 
line or form feeds! 

Printers may be placed into three 
broad classes, termed ‘character printers’, 
‘line printers’ and ‘page printers’, Most 
printers fall into the first category} this 
includes the familiar ‘dot-matrix’ printers 
and the ‘daisy-wheel’ types. Bothof the 
latter work by printing character by 
character. The laser printer is an example 
of a page printer, since it prints a whole 
page at a time. 








PRINTERS 








IMPACT TYPES 


| 


CYLINDER DOT—MATRIX DAISY—WHEEL LASER 


NON-—IMPACT TYPES 


| 


INKJET THERMAL. 








Figure 1, Family tree of available printer types. 
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If one were to conducta simple survey 
of printer types, by reading the 
advertisement pages of computer 
magazines, supplemented by a dip into the 
occasional text book, something like the 
following list would probably emerge: 

(a) Dot-matrix printers, 9-pin or 24-pin. 
(b) Daisy-wheel printers. 

(c) Laser printers. 

(d) Inkjet printers. 

(e) Thermal printers. 

One might also conclude from such a 
survey that most printers print in glorious 
monochrome only (black and white!), but 
colour printing is also possible, at a price if 
you really want quality. 

The ‘family tree’ of Figure | shows 
some attempt to classify the most common 
types of printer. From this it can be seen 
that, apart from the classifications of 
character, line and page made earlier, two 
other broad classes exist. These cover 
‘impact*and non-impact’ types. These 
terms are unlikely to confuse anyone. It 
remains to see which of the printers later 
described fall into these two classes. The 
family tree also provides this information. 

Under the heading of ‘impact’ we find 
three printers listed; cylinder, dot-matrix 
and daisy-wheel. 

Under the heading of ‘non-impact’ we 
find three other types; laser, inkjet and 
thermal. 

From the above selection, the one 
printer that most current small computer 
users. would like-to be using is probably the 
Jaser printer; because of its quiet operation 
and.excellent quality of output. 
Realistically, such usersare almost 
certainly chugging along witha 9-pin 
dot-matrix type, putting up with the less 
than perfect type atid rather ragged 
graphics, not forgetting the high-pitched 
buzzing sound that some find very 
irritating. Certainly, at the present time 
this type of printer dominates the market. 
No doubt a changing price structure will 
cause a swing away from this type atsome 
time. 


Cylinder head printers 

Our survey of printing methods will 
startwith this one. Ivis the method that 
was used by the now obsolete ‘tele- 
typewriter’, commonly known 'simply asa 
‘teletype’, such as the ASR-33. Having 
said that such machines are now outdated, 
it should be accepted that itis quite likely 
that a number of them arestill going 
strong, in the hands of dedicated 
amateurs. 

‘The mechanical arrangement is 
explained by Figtire 2. The cylinder of the 
utle has four rows of characters cast into its 
surface. These are usually limited to 
capital letters, numerals and punctuation 
marks. The cylinder is on a vertical pivot 
and is driven mechanically up and down to 
select a row and rotated for the required 
character in that row. Upon selection 
being completed, a hammer strikes the 
cylinder, forcing it onto the inked ribbon, 
thus printing onto the paper. Such 
machines were slow and noisy. The paper 
normally came in unperforated, 
continuous rolls of about 8Ysin. width, 
rather less convenient perhaps, than the 
perforated fan-fold paper in common use 
today. 


Maplin Magazine December 1990 


Now passing from yesterday's 
technology to todays, the next example 
that we shall consider is also the most 
common: 


Dot-matrix printers 

A matrix in this sense is a two- 
dimensional array of dots; capable of. 
representing any of a very wide range of 
characters, alpha-numeric or graphical. 
The image is produced by striking the 
Paper through an inked ribbon, much like 
that of a typewriter. But here the 
resemblance ends. Whilst the typewriter 
forms each character with a single stroke, 
the dot-matrix printer builds up the 
characters column by column as its 
print-head passes over the paper. This 
print-head incorporates a vertical bank of 
fine pins, which can be ‘fired’ 
electromagnetically at the ribbon. They 
then return under thé control of a spring. 
Ina 9-pin printer there are nine such pins. 
The matrix for a printer such as the Epson 
RX80 is nine (vertical) by five (horizontal) 
dots. To allow for underlining, only the 
upper area of 7 x 5 dots is used for the 
character itself. This leaves the 8th'row 











Example of a 9-pin dot matrix printer, the Epson MX80. 






































/— Paper 
Mechanical (-=-) 
Hammer 
Photo 1b. The ‘working end’ of the Epson print-head. The nine pins are 
Figure 2. The printing mechanism of a cylinder head printer. clearly visible, showing some signs of wear. 


available as a horizontal space, with the 9th 
row for the underline itself. 

Photos 1a and 1b show the print-head 
in close-up. Photo la shows the underside 
of the print-head, a view not often seen; 
the pins referred to can be clearly seen. 
Photo 1b shows the ‘working end’ of the 
pins. It may be noticed that several years 
of regular use have resulted in the ends of 
some of the pins being somewhat 
hammered our. 

The nature of the character printed 
depends upon which pins in the 9-pin 
column are fired at each instant. This 
probably needs little elaboration since 
most people regularly see the results of 
dot-matrix character formation, whether 
printed on paper or as text ona VDU 
screen. However, Figure 3 shows a typical 
dot-matrix character in the process of 
being formed. The character area of 35 
pins allows a wide range of typefaces to be 
created. Examples found on most printers 
are: pica (normal), elite, italic, enlarged, 
condensed, double-strike, bold, 
superscript and subscript. An NLQ (Near 
Letter Quality) mode is also included 
nowadays. Some of these modes can be 
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combined €.g. “bold italic’ or ‘condensed 
enlarged’, thus effectively giving further 
typefaces. 

While the 9-pin printéris popularand 
reasonably cheap, except in its NLQ mode 
the quality of output leaves a lot to be 
desired. Apart from using a totally 
different type of printer altogether, 
another possibility is to use a24-pin 
dot-matrix printer. These are somewhat 
dearer, though theré are some very 
reasonably priced models about now. The 
extra quality obtained by having.a larger 
number of pins is quite dramatic. 

Itis possible to perform colour 
printing with this type of printer. A ribbon 
with three subtractive primary colours; 
cyan, magenta and yellow, is able to 
Teproduce the three additive primary 
colours of red, green and blue by 
overprinting in the appropriate. 
combinations. Often the ribbon is 
provided with black as well, fornormal 
use, It has tobe said that dormatrix colour 
printers are quite basic in their capabilities 
and other technologies have to be 
Photo la. Underside view of Epson 9-pin print- | employed for any great degree of 
head showing the pins themselves. sophistication. 











59 


Dot matrix printers use stepper 
motors for driving the print-head 
transversely across the platen, as well as 
for precise rotations of the platen. This 
was mentioned in Part Eight of this series, 
in connection with the uses of stepper 
motors. Obviously, control of stepper 
motor position has to be very precise in 
order that each of the columns that form 
each character, as well as the spaces 
between, are printed with exact regularity. 
Emphasised or double-strike printing is 
obtained by making one printing pass and 
then making a second slightly offset from 
it, so thickening the printed character by 
printing a second set of dots within the 
first set. Attempts to obtain a superior 
appearance, known as NLQas stated 
already, rely upon a second pass also, with 
the dots of the second pass reducing the 
‘stepped’ appearance made by the dots in 
the first pass. The result can be very 
effective, though still not considered good 
enough for the best business 
correspondence. 

In order to carry out any printing 
operation at all the printer has to be senta 
code sequence. A set of character codes 
defines each character: upper and lower 
case letters, numerals and punctuation 
marks; this is, the well known ASCII code 
that we have met before. A set of control 
codes tells the printer what typeface to 
print in, when to doa line feed, carriage 
return, form feed, what spacing to use, 
where the margins should be and so on. 
Any variable that you can think of when it 
comes to printing, is in some waycoyered 
by a printer code. When dealing with 
dot-matrix printers, the standard set of 
codes are those used by Epson. Most 
printers conform to these codes. After all, 
a code is nothing more than-a number that 
defines an operation, so it makes sense that 
all printers should use the set (well neatly: 
all!), 

Looking through a printer manual 
reveals that many of the Control codes are 
of the form ESC ‘x’, where ‘x’ is some 
alpha-numeric or other character defining 
the particular function. For example, ESC 
G turns on double-strike printing and ESC 
H turnsit off again. So, if we want to print 
a short section of text in double-strike 
mode, we send the following code 
sequence to the printer: 





27°71 “section of text to be printed” 27 72 


Thevcode 27 is ASCII for ESC; 71 and 
72 are the ASCII. codes for G and H, 
respectively. Seen in this light, printer 
control codes have no real mysteries after 
all! All that is necessary to do, is to insert 
the required printer control codes,at those 
points in the supply of data to the printer 
where certain actions are to be taken. 
Using a wordprocessor makes this easy 
since all such codes are already built in, it 
is only necessary to make the appropriate 
keystrokes. For example, this article was 
written on an Amstrad PCW 8512 using 
Protext. With this particular 
wordprocessor, in order to underline a 
section of text, itis necessary to hit the 
ALT key followed by the X key (in order 
to gain access to the printer control codes), 
then type a ‘u’ (which appears in inverse 
video) immediately before the text to be 
underlined. The underlining is turned off 


60 


















































































































































TTI | 
| 16 
TT 0 
| | 0 
TT | 6 
t I 
| 
| I 
1 2 4 5 
Five Successive Print—Head Positions 








Figure 3. The dot-matrix character ‘K’ being formed. 


by repeating the same sequence. 

In this example, typing the first ‘u’ 
will insert the printer control code for 
‘underlinin; yping the second ‘u’ inserts 
the printer control code for turning the 
underlining off. Although such codes 
appear on the editing screen, they are not 
printed. They merely control the printing 
action. 

Although many printers are said to be 
‘Epson-compatible’, there are sometimes 
minor differences. This is also true within 
the Epson range itself. Some of the codes 
used by the older MX80 printer are not the 
same as for the RX80. But with a litdle 
knowledge of what printer control codes 
mean, it becomes easy to make the 
required modifications to the ‘printer 
driver’. The latter is a piece of software 
that controls the printing operation. 
Customising this for a particular printer or 
situation merely means calling it up and 
typing in the required parameters. With a 
printer comes an instruction manual, 
which at first sight, may seem a little 
formidable. However, it is worth spending 
a little time reading it; as it will contain 
much valuable information. 

For example. suppose that you want 
to print on single sheets. The ‘end of 
paper’ detector may well frustrate you; as 
long before the full page of text has been 
printed, the printer stops and beeps loudly 











and at the same time the ‘paper out’ light 
flashes. Some wordprocessors will cope 
with this situation automatically when 
single sheet printing is selected. They will 
disable-the above detector with software 
commands. However, not all do this. You 
are then alone with your printer manual! If 
you use it properly, you will find that there 
are two solutions to the dilemma; one uses 
hardware, the other software. Here they 
are for the Epson RX80: 

(i) Atthe rear of the printer chassis 
are two DIP si 
8-way and s h 2, wi y 
tables that give the functions of these DIP. 
switches are found in Appendix B, It 
requires only a moment to deduce that on 
switch 1, position 5 controls the ‘end of 
paper’ detector. It is factory set to the 
‘active’ setting. Flipping it to the other 
position with the tip of a screwdriver 
makes it inactive, so preventing it from 
interfering with your single-sheet printing. 
The disadvantage is that, since it is a bit 
fiddly making this change, it tends to be 
done once only and left in the inactive state 
(I know, I did it!). All that this implies is 
that, in the future when printing on. 
continuous stationery, itis.wvise to keep an 
eye on the paper supply, since therewill be 
no safeguard if it runs out. 

(ii) The second method comes to light 
when one looks through the list of printer 



















Photo 2. A typical ‘daisy-wheel’. 


Maplin Magazine December 1990 


control codes. It is found that ESC 8 will 
turn the paper end detector off, while ESE 
9 turns it back on again. Thus, itis 
possible to include these printer control 
codes in one’s program to permit single 
sheet printing when required. 

This is merely one simple example of 
how familiarity with the printer manual 
can be of great help, 


Daisy-wheel printers 

While the dot-matrix printer is fast 
and versatile, what it lacks is ultimate 
quality. In the business world the latter 
consideration is often far more important 
than being able to draw. pictures, print 
quickly or switch between Various printing 
effects at will. One answer to this is the 
daisy-wheel printer, so called because of 
the'plastic Or metal wheel which carries the 
alpha-numeric characters at the tips of its 
‘petals’. Since each character needs its own 
spoke, there are likely to be 96 such petals 
in the wheel, Photo 2 shows a typical 
daisy-wheellhas been ‘included. 

The dai: heel has an indexed 
reference position, from which it is spun 
round until the next character to be 
printed is aligned with an electromagnetic 
hammer. This hammer then strikes the tip 
of the spoke against an inked ribbon, 
giving an impression on the paper 
underneath. The direction in which the 
wheel rotates is always such as to give the 
shortest path to the required character. 
Since each character is fully pre-formed, 
by the very nature of the wheel, there is no 
compromise in the quality of the printed 
letter, numeral, etc. But there is also no 
way of changing from one type-face to 
another except by stopping the printer and 
changing the daisy-wheel. The exception 
to this is that underlining, double strike 
and other backspace effects can be called 
up. To use a daisy-wheel printer from a 
wordprocessor while retaining the facility 
of mixing the type styles means placing 
commands into the text that stop the 
printing operation at the required points 
and display a message on screen e.g. 
“change daisy-wheel now!” 

Other drawbacks of the daisy-wheel 
printer are that they are incredibly noisy 
and extremely slow. Why they are slow is 
not hard to imagine. Whenever a new 
character is to be struck, the daisy-wheel 
has to be spun round to the correct angular 
position. Even when the shortest path is 
chosen, this takes valuable time. The 
complete print head assembly also has to 
be moved along to the next character 
position. The hammering of the wheel ata 
rate of, say, 20 characters per second is 
responsible for most of the noise, the level 
for which has been quoted at 75dB, about 
twice the acoustic power output of a 
dot-matrix printer. 

One clever feature of daisy wheel 
printers driven by microprocessors is that 
the impact force can be related to the 
nature of the character printed. If, for 
example, the same force were to be used 
for printing a capital M and a full-stop, 
either the ‘M’ would be too light or the 
full-stop would perforate the paper. The 
way in which this is done is to convert a 
digital value representing the required 
force into a corresponding solenoid current 











‘converter performs this function. 
Provided that you can live with the 
minus points mentioned above, what these 
printers produce on the printed page looks 
very For draft documents and run of 
the mill listings they are really not very 
appropriate. ‘They are essentially for 
correspondence work only. 





Laser printers 

A simplified drawing of the physical 
arrangement of a laser appears in Figure 4. 
The design is based on an electrostatic 
drum or belt, which has a photo-sensitive 





overlapped to improve the quality of the 
printed character. 

Because a complete page (say of A+ 
size) is built up in this way, such printers 
are often known as ‘page printers’. 

To perform the printing process, the 
charged drum is next passed over a bath of 
toner (very fine black powder). The latter 
is attracted only to those areas on the drum 
which are positively charged. At this point 
the sheet of paper is fed into the printing 
path. This paper sheet has previously been 
given a very high electrostatic charge, far 
higher than the charge on the drum itself. 
Asa result, the toner moves from the lower 
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coating. When coherent monochromatic 
light from a helium-neon or semiconductor 
laser strikes it at any point, that pointof 
impact, as it were, becomes positively 
charged. This very small point becomes 
the smallest element of the image that is to 
be printed. The idea is similar to that of 
the ‘pixel’, which is the smallest element of 
the image produced on a television or 
computer display. By causing the laser 
beam to scan across the drum, line by line, 
as the drum is rotated, and turning the 
laser beam on and off, the electrostatic 
pattern of dots created forms the image of 
the page to be printed. 

Scanning is performed by using a lens 
to focus the laser beam on to a rotating 
polygonal mirror. As the beam hits one 
face of the mirror, the movement of the 
mirror causes a single scan of the drum. A 
regular scan pattern is formed because the 
drum and mirror rotate in synchronism. 
The dot-matrix characters are formed by 
switching the beam on and off under the 
control of an acoustic-optical deflector in 
the beam’s path. This, in turn, acts 
according to the character data fed to it. A 





to drive the hammer. A digital-to-analogue 
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typical matrix is 18 x 24 dots; these are 


Figure 4. Physical arrangement of the laser printer. 





potential of the drum to the higher 
potential of the paper, thus forming a 
latent image on the paper. The image 
becomes permanent when the paper is fed 
though a pair of heated rollers. 

It can be seen from this that the image 
formed by a laser printer is actually based 
ona dot pattern rather like that of a 
dot-matrix printer. The actual method is, 
obviously quite different, giving the laser 
printer one of its primary cHaracteristics — 
quietness of operation. However, the dot | 
image of the laser printer is usually. better 
than that of a.dot-matrix-type bécause of _ 
the greater number of ‘dots per inch’ (dpi). 
Nonetheless, there is little difference in 
quality between the topend of the 
dot-matrix market (24-pin printers) and 
the bottom end of the laser market. Both 
may have similar ‘resolutions’, 300 dpi 
being typical. This would put the dot size 
at about 0-085mm diameter. 

The top end of the laser printer 
market, essential for desk-top publishing 
(DTP), with machines costing several 
thousand pounds, produces an image with 
a resolution four times better, that is 
1200dpi. The corresponding dot size is 
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Example of a laser printer, the Panasonic KX-P4420. 


then approximately 0-021mm diameter. 
‘The laser printer's work rate is fast and 
may be specified in terms of characters per 
second (cps) - 400 pes for the Panasonic 
KX-P4420 — or it may be specified as so 
many pages per minute, the figure of 8 
pages per minute being applicable for the 
same printer. 

The cost of a laser printer does not 
stop with the initial purchase. Ignoring the 
paper, which is quite cheap, there are 
other considerations. The toner refill is 
quite expensive (£60 would not be an 
unrealistic price!); other consumables such 
as developer units add to the cost. But 
there is another factor, that of memory. 
Many laser printers are supplied with only 
512K of memory, insufficient for any 
‘image intensive’ work. A single A4 page 
of graphics requires [Mbyte of memory! It 
is wise to make suré that memory can be 
Upgraded and to check the cost of doing 
so. Other factors to consider are 
compatibility with the main ‘page 
description languages’ such as PostScript 
which interpret the commands given, to 
generate the dot patterns. 

Laser printers come with a range of 
built-in fontsand yet mire can be 
down-loaded. Software support is 
excellent and, when the prices drop rather 
miore, many more people will doubtless be 
making use of them. 


Inkjet printers 

Inkjet printer.technology is a form of) 
dot-matrix printing, bur the dots are 
formed by spraying liquid ink through tiny 
nozzles directly onto the paper. To 
produte high quality a large number of 
nozzles are needed, much the same 
argument as for the other typés of 
dot-matrix printers. One major benefit 
that comes with inkjet printing is a very 
substantial drop in the noise level. There 
are no hammers, naturally! The ink is held 
ina reservoir from which it is drawn 
continuously during the printing process. 
Ata price of £15 each, these reservoirs are 
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quite expensive. This means that this type 
of printer is not really suited to large 
volume printing. Correspondence and the 
production of quality ‘masters’ are more 
likely applications. 

One thing that inkjet printers can do 
pretty well is colour printing. Whereas, in 
colour dot-matrix printers of a more 
conventional type, several passes, using @ 
different subtractive colour each time, 
have to be made, with inkjet printers the, 
required combination of subtractive 
colours is drawn from the different colour 
reservoirs simultaneously, through a 
common print-head. One pass over the 
paper lays down a solid line of colour. 
More expensive colour printers haye a 
separate print-head for each colour — but 
then we are looking at prices in the 
thousands of pounds range. 

The system for an inkjet printer is 
shown in Figure 5. This shows that the 
term ‘spraying’ used above, while 
essentially correct, is actually a 
simplification. In a little more detail the 
operation is as follows. 

The ink used is actually conductive 
and is forced through a very fine nozzle, 
producing a high speed inkjet. The nozzle 
is vibrated at some ultrasonic frequency, 
typically 100kHz, by means of a piezo- 
electric crystal and crystal driver. The 
effect of this action is to produce ink drops 
of constant size, about 0-06mm in 
diameter. The ink drops are each then 
given an electrical charge of specific value. 
The figure shows that this is produced in a 
Charge electrode structure, which is 
controlled by the data to be printed. 

The charged ‘beam’ of ink drops is 
then deflected in a deflection plate 
assembly, reminiscent of that in a cathode 
ray tube utilising electrostatic deflection. 
The horizontal plates may sometimes be 
omitted if the scan in this plane is by 
mechanical movement of the mechanism. 
The degree of deflection is determined by 
the individual charge on an ink drop. 
Those that are not charged at all, are 





collected in a gutter and returned to the 
ink reservoir. 

For one specific case of an i 
printer, it is stated that it takes 10° ink 
drops to form a single character. With ink 
drops being generated at the nozzle at the 
rate of 10° per second, this leads to a 
printing rate of 100 characters per second. 

The inkjet printer is a close rival to 
the laser printer, though probably most 
people would oprfor the latter. Its main 
advantage being quietness of operation. To 
approach the quality of laser printers there 
have to be at least 40 ink nozzles. With the 
few ink nozzles that some printers have, 
their performance is no better than many 
dot-matrix printers. 

Notable inkjet printers come from 
Hewlett-Packard (HP Deskjet Plus) and 
Canon (Bubblejet). The former has 50 
nozzles giving a resolution of 300dpi; 
printing speed is 1-5 pages per minute. 
The same resolution as forthe cheaper 
laser printers but rather slower. Price is in 
the sub-£1000 region. 





Thermal printers 

Thermal printets were also mentioned 
in the list of available technologies at the 
beginning of this article. There are some. 
incredibly expensive thermal colour 
printers, used like the laser printer for 
page printing. There is another type of 
thermal printer of the dot-matrix type that 
requires special paper. Alternatively it may 
use a thermal ribbon to print onto normal 
paper. This type of printer has little to 
offer in the face of competition from the 
other types of printer and it is doubtful if, 
as a means of obtaining hard copy froma 
computer, much real use is made of them 
nowadays. There is, therefore, little that 
need be said about them, apart from the 
above comments. 


Printer interfaces 


Printers handle their data in serial 
fashion. This is an obvious statement, 
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since most of them are clearly seen to print 
each character in turn. Nonetheless, the 
way in which the data is passed to the 
printer may be through either a serial or 
parallel interface. 

Essentially there are just two standard 
interfaces. The serial one is known as 
RS232C (or one of its derivatives) and the 
parallel one is known as.the Centronics 
interface. Phe principles « of both Serial and 


parallel data transmission we cise 








series. 
Briefly then: 

In the RS232€ link the TTL levels | 
are converted into two different levels; 
usirig Negative logic, at the sending end, > 
and converted back-again at the receiving 
end. Each character is sentas a separate 
‘data package’ framed by startand stop 
bits. The serial mode uses only a single 
forward conductor plus a return, unless 
hardware handshaking (to indicate buffer; 
full} is used and in this case additional 
conductors will be employed. y 

The Centronics interface uses eight f 
data lines, plus handshaking lines, plus a 
large number of ground lines. A standard 
36-way Amphenol connector is normally 
used; Cables connecting computer to 

\ printer are usually of necessity quite short, 

1— 1-5 metres being typical. ~ 

In using these interfaces, the 
chatacters are not actually sent oneat 2) 
time as they are being printed: In practice, 
a ‘stock’ of datais held in a Small area of 
RAM termed the“printer buffer’, which is 
replenished as required through link. 
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Figure 5. The inkjet printer. 





Zero Crossing Opto Switch continued from page 57. 









































Pca + 
ceyar Happy Flashing ! 
© 
Specification 
Maximum voltage, 
control supply: 12VDC 
Maximum voltage, 
mains supply: 240V AC 
Maximum power 
OK rating: 250W Resistive 
oy ae Pin. v 
a= Pin3. Control input 
Pind. Sy 
BPS + The Green/Yelow connects to ‘O84 (leutray Pin5. 
+6-9 DC pas Pin 4.5.6, or 7 (One Pin Only) Pins 2and 4 are used tolinku fies 
(Port of xx09) -HF2BF optoswitches 
Figure 6. Interconnecting wiring. 
OPTIONAL (not In kit) 
MAINS OPTO SWITCH PARTS LIST AES EVOES ; (ar 
RESISTORS: All 0-6W 1% Metal Film (unless specified) Europlug il (HLT5R) 
RI 1k 1 (MiK} Eurosocket 1 (HL16S) 
R2 10k 1 (M10K) Terminal Block 2A 1 (FE78K) 
R3 1509 1W Carbon 1 (C150R) Safuseholder 20 1 (RX96E) 
Ra 1k 1W Carbon 1 (Ck) Fuse A/S 1A 1 (wRI9V) 
SR Grommet SR2 i (LR48C) 
CAPACITORS Min Mains Black 3 Mtr (XRO1B) 
SN1__R-C Contact Suppressor i {YR90X) Isobolt M3 20mm, 1 Pkt (D177) 
Isonut M3, 1 Pkt (BF58N) 
SEMICONDUCTORS Isoshake M3 1 Pkt (BF44X) 
TRI BC548 i (QB73Q) ‘M3 Insulated Spacer 10 1 (FS36P) 
OPI Zeta Crossing Optotriac (RAS6L) 
LU eee 20S Drie tl qwa248) The above items, excluding Optional, are available as a kit: 
Order As LP55K (Mains Opto Switch Kit) Price £6.95 
one oe eae The following item is also available separately 
PC Board 1 (GE73Q) but is not shown in aur 1991 catalogue: 
Cane OTe Guile | parent Mains Opto Sw PCB Order As GE73Q Price £3.25 
Instruction Leaflet 1 (XK3BR) 
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In the last issue we discussed the 
fundamental principles of recording and 
electrical signal onto magnetic tape, and 
the sort of problems that can arise. In this 
second part the methods used by the 
electronic circuitry of a tape recorder to 
overcome some of these problems is 
dealt with. 


Record Frequency 
Compensation 


Recording amplifiers, as most ampli- 
fiers usually are, are of the constant 
voltage variety. Such an amplifier, de- 
livering the record signal current to a 
record head, will not take into account 
the frequency dependent impedance of 
the head, and consequently the fre- 
quency response will be all over the 
place since the head will be very efficient 
at bass to midrange frequencies, and 
very inefficient at treble frequencies. 
Figure 6 provides an illustration of how 
record head impedance typically varies 
with frequency. Note that only the treble 
range appears to be affected, this is 
because at the lower end the impedance 
has reached ‘rock bottom’, i.e. the DC 
resistance value of the head windings. 

Whatis needed is a constant current 
amplifier, where the current delivered to 
the head is constant for a given signal 
level required at any frequency, and the 
voltage across the winding is allowed to 
fluctuate as it will to maintain this current 
level. In practice this is achieved very 
easily by inserting a resistor in series with 
the record head, as Ri in Figure 7. The 
resistor usually has a high value, ideally 
at least ten times or more the impedance 
of the head at the highest frequency we 
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wish to record. Now our constant voltage 
record output amplifier ‘sees’ the resistor 
as being the major part of the load, and 
any variations in record head impedance 
have negligible effect on the total 
impedance of the chain, and so the 
record current remains as nearly con- 
stant as is necessary for all practical 
Purposes. 

Figure 7 also illustrates the usual 
manner in which record and bias currents 
are mixed together. Bias is introduced via 
C1, which preferably should have a very 
small value to prevent it and R1 behaving 
as a low pass filter at audio frequencies! 
Its small value also goes a long way to 
preventing treble crosstalk between 


by 
Mike Holmes 
Part 2 





channels if a common bias source is 
used in a stereo machine. 

The next problem is one of bias 
leakage back into the record amplifier, 
which if it possesses negative feedback 
will keep trying to compensate for it, 
adding distortion. Fortunately the rela- 
tively high value of R1 goes a long way to 
cutting this down to a minimum, and for 
some extra help a ‘bias trap’, comprising 
tuned circuit C2 and L1 can be added, 
With the values shown this resonant 
circuit adds further resistance at 50kHz, 
and which together with R1 also prevent 
the bias output being excessively loaded 
by the low output impedance of the 
record amplifier. 
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The addition of R1 means that the 
amplifier's output needs to be quite high, 
considering the small value of record 
current actually required, and in the 
example of Figure 7 output needs to be 
4V rms for a maximum record current of 
92pA. The tuned circuit L1 and C2 has 
little effect at audio frequencies. 


Record Level Metering 

Some sort of record level indicator 
usually follows the record level potentio- 
meter control in the chain of recording 
amplifiers. In recent years recorders are 
using bargraph LED displays more and 
more, driven by a bargraph driver IC. 
These do a very good job since only a 
small amount of effort is required to flash 
an LED, and so the meter has a fast 
response time. This is very important 
because the meter must indicate the 
peaks of the signal; if the music signal 
contained high amplitude peaks or 
pulses of short duration, these may go 
un-indicated and saturate the tape 
without us knowing about it. A half-wave 
rectified moving coil rms meter, as fitted 
to cheap recorders, is just not good 
enough. With tape recorders, it must be a 
peak level meter. 

If the record level metering method 
does in fact employ a moving coil 
movement, then it can become a 
complex system in its own right if it is to 
indicate what is actually being put on the 
tape with any accuracy at all. It must 
have a full-wave rectifier, so it will 
respond equally to both positive and 
negative going half cycles of the signal, 
shduld have a fast response time, 
preferably measured in hundreds of 
microseconds, and then hold this level 
long enough for the meter movement to 
catch up with it and for us to see it, a time 
period of preferably a few seconds, 
before it decays to lower levels. This is 
usually achieved by having a power or 
high current amplifier dumping a charge, 
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Figure 6, Record head impedance versus input frequency. 
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Figure 7. Combined record equalisation and AC bias ‘mixer’. 


in proportion to the input level to the 
system, into a storage capacitor as fast 
as it can, and then this is allowed to leak 
away through the meter movement via a 
dropper resistor. Figure 8 gives an idea 
of what such an analogue peak level 
meter driver might look like. 


Playback Frequency 


Compensation 

Playing back the taped signal is not 
so straightforward either. To begin with, 
the magnetic energies on the tape are 
very tiny, and the playback head can 
from these produce a signal from its 
windings of only a very few hundred 
microvolis at most. Very small signal, 
high gain amplifiers are required, with the 
associated problems of instability, noise, 
pick-up, hum inducing earth loops, etc. 























Figure 8, Analogue peak level meter driver. 
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For instance, take a high gain amplifier, 
connect an inductor (the playback head) 
across its input, add a little stray, phase 
shifted positive feedback, and what you 
invariably end up with is an oscillator. 
Ultrasonic, naturally. Consequently there 
isn't a tape recorder in existence that 
doesn't have a ‘damping’ capacitor wired 
across its playback head. The actual 
value is quite small, a few hundred pF is 
typical, but enough to ‘kill’ parasitic 
oscillation. 

The next massive problem is the 
non-linear frequency response of the 
head during playback. Just how non- 
linear it is can be seen in Figure 9. This 
caused so much trouble in the early days 
that an official standard had to be set for 
playback frequency equalisation, if a 
recording played on several different 
machines was to sound the same! 
Several standards have been proposed 
over the decades from various author- 
ities, but arguably the commonest in 
recent times is N.A.B. Like the R.I.A.A. 
equalisation standard for phonograph 
records, this magnetic tape playback 
equalisation standard known as N.A.B., 
after ‘National Association of Broad- 
casters’, stipulates what the frequency 
response curve of the playback amplifier 
should be, as in Figure 10a, which is as 
far as possible the exact opposite of that 
of the playback head, thus neatly 
straightening out the frequency re- _ 
sponse. 

The non-linear playback response 
also makes it awkward to quote specifi- 
cations for a playback head. Although a 
record head can be described by its DC 
impedance, dynamic impedance at 
1kHz, mean bias and max. record current 
levels and pole gap width, how do you 
specify the output level of a playback 
head? The answer is that you fix a point 
of reference, which is recognised as 
333Hz. As a guide then the output level 
of a playback head could be say 390nV 
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Cassette head in close-up — erase head at left is upstream of record/play head near capstan 
pinch roller. 


@ 333Hz, which gives us something to 
go on. What it actually means is that the 
output at 10Hz is miniscule, while at 5 — 
7kHz it may exceed 1mV. 

As it happens, equalisation may 
easily be implemented in practice by 
merely using a capacitor in the negative 
feedback loop to make gain dependent 
on frequency, since the reactive be- 
haviour of a capacitor is exactly the 
opposite of that of an inductor. Simple. A 
Playback pre-amplifier with N.A.B. 
equalisation is shown in Figure 10b, and 
this capacitor is C1. 

Note how in Figure 9 the output of 
the playback head reaches a maximum 
at around SkHz, then rolls off sharply to 
next to nothing in the space of 1' 
octaves. According to the N.A.B. regula- 
tion, our playback amplifier must take this 
into account, and so a resistor, R3, is 
included (usually) to cause the ‘down- 
ward trend’ of the amplifier's frequency 
response to level off at a point equating 
with the playback head's maximum 
output. R3 simply prevents C1 reducing 
the amplifier's gain to unity at higher 
frequencies, and instead the gain is 
more or less flat from SkHz on, as in 
Figure 10a. 

Although the output still drops off 
above say 10kHz, this is how the off-tape 
signal is behaving and is not further 
attenuated by the amplifier. For a touch 
of sophistication, an inductor might be 
added in series with R3 and C1 to boost 
the top end (dotted line in Figure 10a), 
and try to flatten the play head’s 
frequency response further, but in prac- 
tice it isn't essential. 

What is necessary is that the 
important levelling off point in the 
amplifier's response curve ties up with 
the peak output point of the tape head. 
Many reel to reel recorders are capable 
of running tape at two or three different 
speeds, which aren't arbitrary, but are 
well recognised as being 4.75, 9.5 and 
18 cmysec.: the latter offers superb 
frequency response at the expense of 
getting through tape rather quickly. The 
frequency response curve of the play- 
back head is different for each of these 
speeds (although of similar shape), and 
requires that the relevant equalisation 
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network, calculated for a given speed, 
also be switched into service when that 
speed is selected. The N.A.B. standard 
even allows for modification to the curve 
depending on pole gap width — ‘high 
quality’ heads have close tolerance, 
narrow pole gaps for best treble perform- 
ance, while ‘cheaper’ heads have wider 
gaps and the treble roll-off occurs earlier. 


Cassette versus 


Reel to Reel 

Two decades ago the cassette, 
pioneered by Philips, won the favour of 
users world-wide over rival systems such 
as the cartridge. It is now an international 
standard, has made tape recorders and 
players very compact and very portable, 
and is easy to use for all and sundry. It 
should however be mentioned that the 
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volved, resulting in a healthy playback 
level from the playback head. 

Figure 11b shows this extended to 
four track stereo (two tracks per side). 
Note how the tracks are ‘interleaved’, or 
staggered, a curiosity of ‘domestic’ four 
track reel recorders. The disadvantage 
here is that each track, one for left and 
‘one for right, are halved in width to 1/16 
inch. This immediately reduces the 
quality of the recordings as the tape area 
is halved, compared with the mono 
version. It is still, however, good enough. 
Dynamic range and frequency response 
are improved considerably by increasing 
tape speed, and a stereo reel to reel 
running at 18cm/sec. and possessing 
3um wide head gaps will easily 
accommodate the entire audio band with 
a flat frequency response from 20Hz to 
>20kHz. The absolute limit might be 
30kHz if the bias frequency is 60kHz 
minimum (bias frequency must be at 
least double that of the highest frequency 
we wish to record). 

Figure 11¢ shows how the cassette 
is even more compromised in this 
manner. The tape is reduced to a mere 
1/8 of an inch, and if the player/recorder 
is mono then each track is 1/16in., which 
is not too bad, except that the tape speed 
is a measly 4.75cm/sec. As mentioned 
earlier the head pole gap has to be 
anything down to 1.54m if a decent 
frequency response to just over 10kHz is 
possible, and which makes the record/ 
play head ever so fussy about cleanli- 
ness! A stereo version has a pair of pole 
gaps sharing the same haif of the tape, 
which is rather clever as this enables 
mono players to play stereo tapes. 
However, each track width is down to 








Figure 9. Output from playback head, unequalised. 


system makes problems for itself by 
cramming so much into such a small 
space. 

Comparisons are necessary by way 
of illustration. Take the case of a two 
track mono reel to reel tape system as in 
Figure 11a. Here ‘two track’ means 
double sided, the tape can be turned 
over to use the other side. The tape is ¥s 
inch wide, and the recorders heads use 
one half of this, hence sides ‘A’ and ‘B’. 
The track is then 1/8 inch wide, which is a 
generous area of magnetic medium. 
Offering very good signal to noise ratio 
and superior dynamic range. Also the 
signal strength is very good as there are 
many magnetised ferrous particles in- 


1/32in., and there came a point where 
the demands for good signal to noise 
ratio, dynamic range and sensitivity could 
not be met any more. 

The answer was to come up with an 
entirely new magnetic medium. Enter 
CrO?  (chrome-dioxide) formulation, 
which provided what iron based tape 
could not. Chrome tape has greater 
sensitivity overall and especially so at 
treble frequencies, and superior dynamic 
range. More importantly it can take and 
hold much more magnetic energy than 
ferric tape, and this together with its 
treble performance. which allows treble 
de-emphasis or HF filtering on playback 
to improve S/N ratio, practically makes 
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Figure 10a. The N.A.B. standard playback equalisation curve for playback pre-amplifier. Figure 10b. A practical N.A.B. equalised playback 
pre-amplifier. Open loop gain must be 60dB or greater. 


Track 1, side 1 Track 1, side 1 mono. 


Side 1 
Side 2 
Track 2, side 2 


1/4 inch tape, 1/8 inch tracks Track 1, side 2 Track 2, side 1 stereo 


Cassette 1/8 inch tape, 
1/16 inch mono, 
1/32 inch’ stereo. 


$ 1/4 inch tape, 1/16 inch tracks 


Figure 11. Organisation and dimensions of tracks. (a) Reel to reel mono, (b) stereo; (c) mono and stereo cassette. 





Figure 12. Block of electronics for a workable high quality tape recorder (one channel ota pair). 20kHz low pass filter 
chain prevents ultrasonic elements in the signal to be recorded producing audible difference signals when mixed with the 50kHz bias 
waveform, if present. 
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up for all the inadequacies of the 
cassette principle. 

The dynamic range of ‘consumer’ 
tape recorders is ‘only’ some 40dB or so 
between the noise floor and maximum 
amplitude (or thereabouts, cassettes in 
particular). Aside from this, such re- 
corders, because they are using narrow 
tracks, also tend to compress the signal 
slightly. So in order to restore dynamic 
range and attain a more realistic signal to 
noise ratio of around 80dB or so, a noise 
reduction system of the compander 
variety is currently in vogue, such as the 
consumer standard Dolby B, or the more 
exacting Dolby C. 

It is unfortunate that nowadays the 
reel to reel recorder seems only to have 
survived in the form of a mega expen- 
sive, hyper-fi machine that only well- 
heeled, fanatical hi-fi enthusiasts can 
afford. This is a shame because the rest 
of us are being deprived of experiencing 
that which even a much more modest 
version is capable of. 


AComplete System 

Figure 12 is a block diagram of an 
experimental reel to reel system, built in 
an attempt to see how it compares with 
the modern cassette medium. Based on 
@ very ancient tape transport mech- 
anism, which incidentally is the only 
surviving original part from the donor 
machine, this three head recorder, with a 

















tape speed fixed (unfortunately) at 
9.5cm/sec., and using Maplin’s Noise 
Reduction System Mk II with Maxell 
UD18-180 ferric tape, has a performance 
noticeably better than a hi-fi quality 
cassette deck using chrome tape with 
Dolby C, but only just. 

There doesn't seem to be any point, 
except in one area where cassette 
machines will never equal reel recorders 
similar in every other facet of perform- 
ance — playing time. One 7 inch reel, or 


3,600 feet, of ‘double play’ tape on the 
experimental recorder equals a grand 
total of six hours. 


Conclusion 


This concludes what is really only a 
brief introduction to the subject. If you 
want to know more, several books have 
been published which go into tape 
recorders in more detail, and your 
friendly neighbourhood library should be 
able to help. 


Amendment to 
1991 Catalogue 





Page 306 — 
150W MOSFET Amplifier 
Power Supply Circuit 





The circuit of the ‘suitable power supply’ shows 
C102 and C104 incorrectly connected. This could 
lead to these capacitors exploding; therefore 
under no circumstances should the circuit be built 
as shown in the 1991 catalogue, where the 
negative terminals go to the negative 55V and 
17V rails. This is wrong! The correct circuit is 
shown below, the negative terminals of C102 and 
C104 must join the common OV line. 
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COMPETITION WINNERS 
Hippodrome Competition 


The questions and correct answers were as follows: 

‘Name Michael Jackson's two top selling albums: Thriller and Bad, 

Which U.S. city was featured in the TV series "Fame" ?: New York. 

Where was the original Hippodrome located?: Cranbourn Street, London. 
Who starred in “Dirty Dancing” ?: Patrick Swayze and Jennifer Grey. 


The following lucky people who entered the Hippodrome Competition will 
receive Double Tickets for FREE admission toe London Hippodrome: 


i South Yorkshire; MrJ: Shevelan, 
Hayes, Middlesex; Miss J. Shevelan, Austwick, Lancaster 


Granada Studio Tour 
Competition 


The questions and correct answers were as follows: 


In" Coronation Street” the brewery house owning the "Rover's Return’'is’ 
Newton & Ridley. 


‘Spot the odd one out: Mary Scott. 


Who wrote the Granada television drama series "First Among Equals": 
Jeffrey Archer. 


Which of the following personalities have eppeared in "Coronation Street"?: 
Violet Carson. 


The following lucky people who entered the Granada Studio Tours 
ition will receive Family Tickets (admits four) for FREE admission to 
the Granada Studio Tour: 


Mr Keith Allen, Reading, Berks.; Mr A. Bell, Grimsby, South Humberside; 
M. Rowles, Caoxton, Neath; W.R. Collins, Malvern, Worcs. 


Don’t forget there is another great prize- 
winning competition on page 42. 
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The Design Laboratory have pointed 
out that this is not the normal behaviour of 
the design, neitheris ita common 
occurrence, but in the interest of 
maintaining the high standards expected of 
this project, a few simple modifications 
have been developed which will cure any 
such problems experienced as follows: 





1. A pre-punched, galvanised steel, 19in, 
rack type case is available (XM13P) which 
is designed to house the amplifier. Various 
other installation hardwareis also 
available asa kit (LM63V) supplied 
complete with the case. With the case 
grounded to mains earth, the amplifier’s 
susceptibility to RFI is greatly reduced; the 
caseis therefore highly recommended. 














Figure 1. Replacing C10 and adding the 390pF capacitor. 


Some customers have experienced 
problems with this amplifier due to 
instability. The problem can manifest itself 
in the form of mains hum, audible froma 
connected loudspeaker, which becomes 
more or less apparent depending on where 
the amplifier is situated. The expected 
noise outputis usually very low and when 
viewed on an oscilloscope, wideband and 
hum noise levels in the order of 10 to 20mV 
would beseen tobe present. With the input 
pins shorted (or open circuited) and the low 
frequency component audible, a few 
amplifiers have exhibited 2 to 3V of RF 
signal modulated bya 50 to 100Hz signal. 
The amplifier has a very wide 
frequency response and high slew rate, 





which is desirable for good quality sound 
reproduction, but does render it susceptible 
toexternal RFI (radio frequency 
interference) —Cellular radio telephones 
area typical example of this. 

Also, due to the number of MOSFETs 
used in the design and the large differences 
in input capacitance between ‘N’ and“P’ 
type MOSFETs, some amplifiers have 
been noted to become unstable at medium 
output power levels—approximately 100 to 
2O0W. The effect when viewed on an 
oscilloscope approximates small, low 
frequency square wave bursts, within the 
signal waveform, and can be more 
prevalent following every large signal 
excursion or clipped transient. 
















Sk1 
GDpsoB 
MOSFET DRIVER 
i Screen 
Polystyrene 

















Figure 2. Fitting alow pass RC filter. 
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Figure 3. Circuitof RC filter. 


2. On the Driver Module (GD80B) replace 
C10 (100pF polystyrene) with a 22pF 
polystyrene capacitor (BX24B) as shown 
in Figure 1. 





3. Fita 390pF 1% polystyrene capacitor 
BX52G) between the Driver Module 
(GD80B) pin 4 and the junction of W/W 
resistor R12. and R14 on the Output 
Module (GD81C) as shown in Figure 1. 
The drawing assumes that both Driver and 
Output Modules have been installed onto 
the heatsink as shown in the project 
instructions supplied with the kit. 





4. Fira low pass RC filter between the input 
XLR socket, SK1, and the input pins of the 
Driver module as shown in Figure 2. The 
simplest way to install the filter isto solder 
the two components straight onto the back 
of SK1 with an 4k7 resistor (M4K7) 
soldered to pin 2and 1000pF (InF) 
capacitor (BX36L) to pin 3. Solder the two 
unterminated leads together and connect 
the core of the input screened cable to them. 
Connect the cable screen to pin 3 on SKI. 
The remaining end of the cable is fitted as 
per the original project instructions. 
Ifthese modifications are to be 
installed as a matter of course before 
assembling the modules, then on the Driver 
Module, R1 can be increased to 4k7 and C3 
increased to InF instead of fitting these 
components on the rear of SKI. 
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Audio-Frequencey Induction Loop Systems continued from page 47. 
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Figure 22, Experimental high-output amplifier with combined voltage and current feedback. 


amplifier needs an equally high-quality 
Preamplifier, with balanced-input micro- 
phone amplifiers, a mixer stage, long-term 
AGC and compression, bandwidth limita- 
tion etc., etc. This is all too much for the 
present series, but more may be heard of 
this project later. Keep taking ‘the mag.’! 


Next Time 

In the next part, we shall look at some 
of the less obvious factors which need to be 
taken into account in designing, installing 
and using an AFILS, such as where you put 
the microphones, how you set up the 
system, and, above all, how you ensure that 
it is used properly and kept in working 
order. Many, many AFILS have been 
installed but now do not work because of 
neglect of this last subject. I hope, also, to 
touch on receiver design, for applications 
other than assisted hearing. 


Appendix I 
Using an Oscilloscope to Measure 
Phase Angle, and thus Calculate the 
Inductance of a Loop 

You may want to measure the 
inductance of a loop, rather than relying on 
the ‘24H per metre of loop conductor’ 
formula, ifthe loop goes up and over several 
doors etc., or there is steelwork in the 
building which may be increasing the 
inductance. Referring to Figure 14, you 
start by applying a SkHz sine-wave signal to 
the amplifier input and adjust the signal 
level so that the amplifier is not overloaded. 
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Then: 

1. First, short-circuit the Y-input of 
the oscilloscope and mark the position of 
the zero-line on the screen (use wax pencil). 
Then connect the oscilloscope Y-input 
between A and B (Figure 14a), and adjust to 
display about 2 cycles of sine-wave. Use 
external trig/syne with a separate lead to A 
and B. Mark the zero-crossing points D, E 
on the screen (Figure 14b), 

2. Keeping the oscilloscope synchro- 
nised to the voltage AB, transfer the 
Y-input to CB, and adjust the Y-GAIN 
(and SHIFT if necessary) only to display 
about the same height as before (not 
critical). Mark the new zero-crossing points 
(e.g. F in Figure 14c). Alternatively, if you 
have a double-or triple-beam scope, you 
can display both waveforms simultane- 
ously, but keep the scope synched to the 
voltage signal. 

3. The distance between zero- 
crossings of the two signals, such as DF in 
Figure 18c, divided by DE, is the phase 
angle 6 between the loop voltage and 
current as a fraction of 180°. In the Figure: 

6 = DF/DE x 180° = 60° 
Thus, if the loop resistance measures 1:19 
on your Maplin meter, the inductive 
reactance X = 1-1 tan 60° = 1-99, and the 
inductance is 1-9/(27 x 5000) = 61uH. 


Appendix 2 
Component Values for a Low-Level 
Passive Equaliser 


Tt is conyenient for this analysis to 
introduce the concept of ‘normalised 


resistance’ r, of a loop, which is simply the 
ratio of its resistance to its inductive 
reactance at the upper —3dB frequency 
limit f. of the system, normally SkHz. Since 
both the resistance and inductance are 
proportional to the length of conductor, 
and the resistance is inversely proportional 
to the area of cross-section, the normalised 
resistance is simply inversely proportional 
to the cross-sectional area of the wire used 
for the loop! Using the relevant equations 
from Part 1, 
R = 3:6 x 107% Ai(md?/4) () 
and 
L = 2A x 10-°(H) 
where A is the length of wire in metres and 
dis its diameter, and taking the upper limit 
frequency as SkHz, ' 
Ty = 2°82 x 1077 ((ad?/4) 
T have left the area of cross-section 
explicitly in the equation as 7d?/4 because 
the equation is most useful for wires 
specified in terms of area, such as house 
wiring cables. For example, Imm? house 
wiring cable has a normalised resistance of _ 
0:282. 


The product of r, and f. gives the 
upper —3dB frequency achieved with that 
wire size. without corrective measures 
(series resistance, high or low-level 
equalisation, or current or intermediate 
drive), Thus for 1mm? cable, the upper 
frequency limit is 1413Hz, rather severely 
lacking in treble response! 

For any loop, we can write; 

VV = 1/(r,X + sL), 
where X = 27f.L. Let T = L/X. Then: 
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IW = 1{XG, +sT)) 
However, the required response (flat to f.) 
is: 

VV = 1/{Xd + sT)} 
So, to obtain the required response from 
the actual response, it must be multiplied 
by (r, + STV(1 + sT), and this is the 
required response of the equaliser. Refer- 
ring to Figure 16, 

V2/V, = R2/{R2 + Ry (1 + sCysC} 
Let R; = aR2 and BT = CR). Then: 
VilV; = (aR + sTV{( + aap} + sT) 
Ifa and f can be chosen so that r, = Wap 
and (1 + a)/aB = 1, this expression is 
identical with the wanted mul tiplier, At 
zero frequency, if the expressions are 
identical: 


a=(l-r)ra, 


8 = 1/(1-r,) 

Luckily, this gives (1 + a)ab = 1, so the 
expressions are identical. 

To use these results, we find r, from 
the cable size and hence calculate « and B. 
Then: 

Rj /Rp = a, and R; = B/27f.C 

Remember that you can choose C to be any 
convenient value. 


giving: 





ye 


Appendix 3 

Power Dissipation in the Active 
Devices of a Class B Push-Pull 
Stage with Reactive Load 

This analysis neglects the effects of 
Saturation voltage in the devices, and 
resistors, such as emitter resistors, in series 
with the devices. To some extent, the small 
differences thus introduced cancel out 
anyway, except for valves (tubes), and I 
doubt whether anyone is going to make an 
AFILS amplifier with tubes! 

Referring to the graphs of instan- 
taneous voltage v and current i in Figure 
17b, we have, adding the power dissipa- 
tions in the two devices (or two sets of 
devices, if paralleled devices are used): 


2a 
Pg = Var | vi d(wt) 
0 


= I/rx the sum of the integrals in regions 1, 
2, 3 and 4. In regions | and 4, i is zero, so 
the integrals are zero. To simplify and 
generalise the equation, we express the 
Peak output voltage as a fraction m of the 
maximum peak output voltage that the 
amplifier will produce, and the peak 





ccc 


current (into the particular load impedance 
(magnitude) we are using) as the same 
fraction of the maximum peak current. 
This results in PF being expressed as a 
fraction of the product of peak voltage and 
peak current, i.e. of twice the maximum 
output power of the amplifier into the load 
impedance being considered. The other 
two regions then give: 


7 
7P4= [om sinwt)m sin(@t—#) d(wt) 
8 


+8 
+ |msin(wt—6) d(wr) 
Ea 


The evaluation of these integrals is rather 
tedious: if anyone wants to sce it, a note to. 
the Kindly Editor would produce the 
goods, but the result is: 

Py = m/27{4—-m cos(7—@)—m sin 0} 
This result applies for a constant magnitude 
of load impedance, with the phase-angle 
varying from 0° (purely resistive) to 90° 
(purely inductive or capacitive), and the 
results, for different values of m, are shown, 
graphically in Figure 18. 








‘WANTED. 


WANTED to purchase, walking model 
robots, or suitable ideas for 


DOES ANYONE HAVE ANY 5600 
SYNTHESISER PARTS tucked away 
gathering dust, PCB's, complete or 
incomplete modules, abandoned 
projects etc. If you have phone Robbie 


on Jersey 35097. 

ISSUES 17, 18 AND 20 0F 
ELECTRONICS MAGAZINE wanted 
for suitable fee, Write to Richard Ball, 
‘The Retreat, Gumey Slade, Bath BA3 


47}, 
INFORMATION on AYR Preste! 
adaptor model Pl. Thave the adaptor 
but not the remote control. Can anyone 
help, either with a diagram or remote? 
Please phone John (0202) 674612. 
WANTED: Data sheet for 6522 VIA 
(used in BBC's) Original or Photocopy. 
Will pay for costs. 14 Sandringham. 
Gres, East Herrington, Sunderland, 
Wearside SR3 SPT. Tel; (091) 8281333 
after 4pm, 


VARIOUS FOR SALE 

SIX CHANNEL BURGLAR ALARM 
PANEL (Maplin YNS7M), Includes 
extemal box, siren and battery back- 
up. £80, Tel: 0359 51258, 

GIANT CLEAROUT! Components, 
ICs, Capacitors, Resistors - everything 
mist go. Send SAE for list. Also devices 
for cars that tell you the distance you 
are from a wall when reversing, Send 
SAE for more info, MJ. Dean, Blenheim, 
Walton Lane, Bosham, Chichester, 


[polarising stripe in 1008 
£24, several boxes of each available. 


). Philips 
Digital (Bench) Multimeter £20. Kevin 
Edwards, 19 The Square, Tatsfield, 
Kent TNI6 2AS_ 
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CLASSIFIED 





Ifyou would like to place an 
advertisement in this section, here's 
‘your chance to tell Maplin's 200,000 
‘customers what you want to buy or 
‘sell, or tell them about your club's 
activities — absolutely free of 
charge. We will publish as many 


strictly prohibited in the Maplin 
Magazine. 


Please print all advertisements in 
bold capital letters. Box numbers 
are available at £1.50 each. Piease 
send replies to Box Numbers to the 
address below. Please send your 








advertisements as we have space advertisement with any payment 
for. To give a fair share of the ‘necessary to: Classifieds, Maplin 
limited space, we will print 30 Mag, P.O. Box, Rayleigh, Essex 
words free of charge. Thereafter SSBBLR. 
the charge is l0p per word. Please 
note that only private individuals For the next issue your 
will be permitted to advertise. advertisement must be in our hands 
Commercial or trade advertising is by Ist December 1990. 
£850 ONO BUYS you this superb JVC £25 or £75 the lot. All perfect condition 
GXN-70 full spec’ semi-pro video and full working order. Will deliver 
camera, 10 lux. power zoom, colour locally! Chelmsford (0245) 450050 
balance, built-in character generator (home), 


plus other features too numerous to 
mention, also matching JVC HRS-10 
portable VHS video recorder with 
carrying case. TV nner with fall remote 
control which converts recordertoa 


jrecorder. 
For further details Tel: (0621) 742283 
after 6.30pm. 

LASER, finished 2mW He-Ne laser, 
‘uses Maplin tbe, £100. Phone Pete on 
(0544) 23596 after 4pm_ 

MAPLIN 


Allin v.g.c: Must be heard! Phone 
Gordon (0702) 711968 after Spm. 
ETI GRAPHIC EQUALISER £35. PE 
‘Orion 2020 Amp £28. Sony ST70 Tuner 





MARCONI TFS01B SIGNAL 
GENERATOR 12-485MHz £30. AVO. 
Signal Generator S0KHz — B0MHz £20. 
Tel: (0435) 830464 (East Sussex). 
20MHz OSCILLOSCOPE (X61) £200 
no SOV 3A PSU (XM41U) £85 ono. 
GHz Counter (MF&2D) £60 ono. Digital 
Capacitance Meter (YT89W) £25 ono, 
Allequipment hardly used BBC 'B' with 
disc drive, monitor, etc; offers? 30 ImW 
He-Ne laser tubes, £40 each Tel: (0252) 
519037. 


MUSICAL 

MAPLIN 5600s Synthesiser for sale. 

Has been built but needs some work in 

Setting up. Could be dismantled for 
‘serious offers considered. 


speaker, 
and PC's. All PCB's fully assembled 
but require wiring together and testing. 
£125 ono. Tel: (0302)771200. 
ORGAN CABINET, single manual 
portable, wooden legs, 5 octave 





keyboard fitted, never used, £50 ono, 
Also three octave keyboard (C-C), in 
metal case, £15, Durham (031) 385 4734. 
MAPLIN 3800 Synthasiser, complete 
and working but in need of some 
tidying, £78. MAPLIN Digital Multi-train 
controller with two train control’ 
receiver modules, £35, Tel: (0249) 
650826. 


COMPUTERS 

12° AMBER MONITOR, brand new 
hon-runiner, boxed with circuit diagram 
£10. Carriage extra. (0436) 71181. Seon 
‘Smyth, 'De Porres’ 67 East Prnces 
Sureet, Helensburgh G34 7DG. 

ONE 53 KEY, Computer Keyboard, 

2 Voltmace Joysticks + Dragoti 32 
Software. 2 Medium sized Pidelity 
speakers. Contact Glen, 60 Grange 
Park Road, Leyton, London E10 55S, 
VDUs, DEC V152, one working, £18 for 
two, Large Klystron £15, (0683) 88588. 
HEATHKIT MICROPROCESSOR 
TRAINER, built and working, with 
manuals £120 ono, AIM 65, 6502 
‘Microprocessor trainer and printer, 
working with manuals £120 ono. Epson, 
FXB0 printer, almost new £80. Tel:(021) 
585 5658. 


FOR SALE: 314" 360K floppy drive with 
standard S4-way UP £25 Stag 200W_ 
RMS Bass Cab with new speaker, £100, 
and colour Acom Atom Compiiter £30, 
Phone Vince (0638) 663326. 

BBC B, OPUS DOS, Speech Chips 6502 
‘Second Processor, colour monitor, 
external ROM/RAM box, wo disk 
drives, joysticks, games, books, bound 
magazine £425. Telephone (0752) 
661364 evenings. 

BARGAINS: TANDY TRS80 LEVEL IL 
‘complete with expansion unit £50. Also 
DRAGON 22£14. Pioneer PLD 12 
Record Player £16. Soy Graphic 
Equaliser SEH22 £12 Wharfedale 
Receiver £15. UHER 4400 Tape Rec. 
£25. All working plus manuals. 
‘Telephone: (071) 882 7639 

STAR LC10 PRINTER under ons year 
old. Centronics interface plus spare 
iibbons. Wil sell for £100 for quick 
sale. GJ. Eida, 14 Hurstwood Avenue, 
Bexley, Kent DAS SPH (0322) 522315. 
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SYSTEM # 
ANY WIA 


by Marion Hearfield 
Part 2 — The Digital Exchange — How it Works 





Photo 1. Front of System X rack cabinets. 


\ 


‘network. 





Exchange Status Maximum 
lines: 
circuits 

Large international 85,000 

Medium international 8,000 

Large trunk 85,000 

(60,000) 

Large local 60,000 
(100,000) 

Medium local 10,000 

Small local 2,000 

(5,000) 

Concentrator 2,000 

(6,500) 
inefficient). 





“an erlang is defined as one line busy for one hour. It could be two lines-busy for 
half-an-hour each, or ten lines busy for six minutes each (but that would be a bit 








Table 1. Traffic capacity. 
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Inearly called this article “The digital 
telephone exchange’ — out of habit and 
familiarity | suppose. But of course the 
whole point of the new networkis thatit 
has been designed to carry voice and 
data, narrow-band and (eventually) wide- 
band, and itis more properly described as 
acommunications network. New 
technology is again blurring the 
differences, and telephones are justone 
kind of terminal which can access the 





The previous article described the 
need for a national digital comms 
network, its evolution, design principles 
and facilities. This article concentrates on 
how the modular, software-controlled, 
family of digital switches actually fit 
togetfier and what they do. 

One of the features of System Xisits 
use of common channel signalling to 
replace the old analogue frequency 
division multiplexing. This may need 
explaining, so!'ll do itnow and gett out of 
the way. If you already know aboutit, skip 
afew paragraphs. 


Common Channel 
Signalling - A Small 


Diversion 

The use of common channel 
signalling enables much faster set-up 
times, and means that, during the course 
ofacall, facilities such as call-transfer, 
call diversion, and all the rest, canbe 
invoked. 

Common-channel signalling (CCS), 
meets the international standard known 
as CCITT No.7. InCCS, information 
about the caller, the called, call progress 
and metering, is defined in a unique digital 
message. Acommon channel is 
dedicated to sending this message, 
together with messages defining other 
Calls, thus providing signalling information 
for many separate voice/datachannels. 
CCITT No.7 defines the different levels of 
signalling: 

Level 1 specifies the bit rate 
(64Kbps), and the signalling information 
is bunched into messages, separated by 
flags. 

Level 2 adds error detection, 
requesting re-transmission if necessary. 

Level 3 adds codes which define the 
origin and destination of the call, plus the 
intermediate switch nodes along the 
route. The route is ‘chosen’ froma 
memory-based table, and takes account 
of any network problems. This level also 
provides system-management 
information about the moment-to- 
moment status of this part of the network. 

Levels 4 and up carry the information 
needed to connect you to your 

As well as meeting the CCITT 7 
protocol, System X also copes with other 
protocols already in use, such as those 
covering packet switching and private 
networks. 

Figure 1(a) and 1(b) illustrate the 
simplification available when using digital 
rather than analogue transmission and 
switching. 
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Figure 1a and 1b. Comparison of analogue and digital transmission 


and switching. 


Back to the Main Theme 


By the late 1970's, modernisation of 
the U.K.’s telecomms network was long 
overdue. The existing network had been 
based ona pre-war technology, and 
piecemeal upgrading was no longer 
enough. A radical re-think was required. 
Digital transmission of both speech and 
data signals had become possible ona 
large scale, and reliable enough tobe 
considered as the basis of the 
replacement comms network. 

Arange of differently-sized 
exchanges was planned, using identical 
hardware subassemblies which could be 
plugged together like Lego bricks to suit 
local requirements, and controlled by 
variable software modules. 

Figure 2 illustrates this network 
structure, with concentrators (C) 
interfacing telephones, faxes, telexes, 
computer modems (M), to the trunk 
network (T) via the local exchange (L). 
Operators (O) are now connected at trunk 
exchanges, though they may be 
geographically separated from the actual 
exchange equipment by many miles. 

The different sizes of exchange were 
planned to have the capacities shown in 
Table 1. The first sets of numbers are 
those originally envisaged; the numbers 
in brackets are those actually available to 
the UK network, according to GPT’s most 
recent publications. Some of the changes 
are remarkable. 

Since the whole philosophy of 
System X was that it should be modular, 
the actual size of each exchange is 
designed to suit local requirements. 

For convenience in these articles, | 
have used the name System X (the 
British-made system supplied by GPT) as 
asynonym for all the U.K.’s digital 
exchanges, although a number of 
manufacturers are now involved. 

Photos 1,2 and 3 show whatthe 
exchanges look like— Photos 1 and2 are 





photographs taken from the frontof the 
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suites, and Photo 3 shows what the back 
looks like without its tidy casing. 

But how does a digital exchange 
actually work, what changes have been 
made to enable you access to the national 
digital network, and what is happening to 
the existing exchanges? We visited our 
local exchange to find out. 


The Subscriber 
Concentrator — Small 
but Beautiful 


Concentrators exist at the far-flung 
ends of the national telecomms system. 
They are the interface between the 
subscriber and the network, and provide 
terminations for all kinds of domestic or 
business telecomms and data equipment. 
They are usually connected by copper or 
fibre cables to the local exchange, butitis 
possible to have concentrators so remote 
that they are linked to the ‘local exchange’ 
via geostationary satellites! 

Itdoesn’t matter if your equipmentis 
analogue or digital, or if you rentit from BT 
or bought it from the local newsagent. Ifit 
carries that little green circle the 
concentrator will process calls in and out, 





























Figure 2. System X network structure. 








and cope with tone or pulse dialling, earth 
orloop calling, private metering, night 
busy switching; the works. The 
concentrator is also used by outstationed 
analogue or digital multiplexers for 
access to the main network. 

Our small town only qualifies fora set 
of concentrators. The System X suites 
occupy less than 20% of the space used 
by the previous Strowger exchange. Now 
that the old racks have been stripped out 
(some of them being sold for re-use, the 
rest being scrapped) the original building 
is being used as a maintenance depot and 
store for the local BT vehicle fleet. 

Each concentrator can outputtoa 
maximum of 240 lines connected to our 
nearest large town, where all the 
remaining call processing takes place. 
This is a good example of how the new 
network streamlines processing 
capability, and explains why our STD 
code changed too. The old autonomous 
local electro-mechanical exchanges, with 
their expensive and dedicated hardware, 
have been replaced by amuch more 
flexible system. Calls from rural 
subscribers in a much larger geographical 
area are now channelled through local 
concentrators into the centralised 
facilities provided maybe 10-20 miles 
away. Of course, this means that my 
telephone call to aneighbour 200 yards 
away actually travels about 20 miles to get 
there. | could walk, of course, butit's 
raining. 

Our local exchange channels about 
12,500 lines into six concentrators. The 
necessary electronics are housed in four 
suites, each made up of six cabinets. 
Each cabinetis about 7ft. high x 30in. 
wide x 21in. deep, and contains six 
shelves. Two of the shelves carry the 
Subscriber Private Metering and other 
‘housekeeping’ equipment, and 
subscriber linecards occupy the other 
four. The linecards themselves contain 
very few components —3 DIL relays, 
about two dozen custom ICs, afew 
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resistors, gas-discharge protection—ona 
card which measures 12it. x 10in. x tin. 

‘There are three groups of line cards 
on each shelf; each group contains eight 
cards. Each line card contains all the 
electronics to handle eight subscriber 
lines and provides automatic gain setting, 
line balancing, and the A-to-D conversion 
via codecs. 

Sorry about all the numbers, but they 
show how much physical space is being 
saved by the installation of these digital 
exchanges. 8 (subscribers) x 8 (linecards) 
x3 (groups) = 192 subscribers per shelf. 

Thatis, 192 subscriber terminations 
now occupy a space approximately 30in. 
X12in. x 10in., which is about the same as 
asmall bookshelf containing 40 Maplin 
catalogues. The equivalent activity 
(excluding any A-to-D conversion, or 
course) in an electro-mechanical 
exchange occupied a space of about 
160in. x 242in. x Gin., which was more 
than six times bigger. The chap in Photo 4 
is dismantling an old uniselector, and we 
will not see the like of it again. 

To putits size in perspective, all the 
equipment needed for a 5,000-line small 
local digital exchange can be delivered in 
one 30ft. container. 


Subscriber and Network 
Cabling 


The links between our local 
exchange and the next one up the line are 
provided by an equal mixture of (existing) 
copper—carrying 30 PCM channels—and 
(newly installed) optical fibre. 

(Did you know that every copper 
cable under the groundis enclosed in an 
airtight sheath and compressed airis 
pumped through to keep water oul if there 
is abreak in the sheath? | didn’t, until lsaw 
the gauges in the exchange. The cable air 
pressure is monitored constantly and any 
reduction in pressure will eventually result 
inaroad being dug up to repair the 
damage!) 

Copper pairs are difficult and 
expensive to maintain, and the bandwidth 
is limited. Although itis claimed that as 








many as 10 digital voice channels can be 
carried on a single pair, most PTTs 
assume that the ISDN bit rate of 144Kbps 
is a more practical limit. And although 
copper cable has along life, itis prone to 
faults, signal loss, and water, and existing 
links are gradually being replaced by 
optical fibre. 

In November 1985, it was expected 
that by 1988 40% of trunk traffic would be 
Carried over fibre-optic lines, with 
promised major cuts in phone charges. 
Has anyone noticed a price reduction? 
Cost reductions were supposed to result 
from fewer maintenance staif being 
needed, and by the downward trendin the 
costs of fibre. The cost of fibre-optic lines 
has dropped substantially over the past 
few years, and now is near the cost-per- 
kilometre of copper lines. 

BT has already started laying fibre 
directly to large business customers (say 
above 25 lines), in an overlay network of 
96-fibre cables, split into 48- or 24-cable 
links to ajoint common to several 
customers. 

This is not economic for smaller 
subscribers, although BT is now 
experimenting with fibre in the local loop 
which connects clients premises to local 
exchanges. Such cabling would be 
capable of carrying voice, data, stereo 
television and radio traffic, though at 
present BT is not normally allowed to 
carry television channels. BT has 
announced thatit will be spending 
£5million on a trial installation in Bishop's 
Stortford, although a similar experimentin 
France has been quietly allowed to die 
because the local subscribers were not 
making enough use of the facility to make 
the installation economical. 


Power 

Each suite of exchange cabinets 
contains its own backup sealed batteries 
and rectifiers. As a suite is added to 
extend the exchange’s capability, its 
backup poweris also automatically 
included. These batteries need no regular 
maintenance. Gone are the days of 
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Figure 3. System X switching subsystem architecture. 
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separate large battery rooms ineach 
exchange, with their memorable 
instructions (according to an engineer of 
my acquaintance) “All water used to top 
up these batteries must have been 
passed by the Assistant Engineer’. 
Three-phase mains comes straight into 
each rack. Tlie batteries provide one hour 
of support; a longer power outage is 
covered by a local diesel generator. 


The System 
Architecture beyond the 


local Concentrators 


Once your call has passed througha 
local concentrator, it will enter the digital 
network proper. All subsequent call 
switching and transmission goes through 
aseries of whichever larger and larger 
installations are necessary to route your 
Call to (eventually) your destination’s 
concentrator, and hence to yourmum. 

Modular assembly results in the 
different sizes of exchange already 
mentioned and shown in Table 1. A small 
local exchange (up to 5,000 lines) can 
support small concentrators and 
multiplexers. Although itis designed to 
operate unattended, itcan offer full 
operator facilities based at the trunk 
exchange, and is monitored remotely for 
traffic statistics, fault analysis, and other 
management information collected 
further up the line. Larger exchanges are 
(nearly) just more of the same, plugged 
together. 

So what are these modules? Figure 3 
shows the switching subsystem 
architecture and these modules, plus the 
over-riding control systems, are 
described next. 


The Hardware 


The controlling heart of the digital 
switch is the PROCESSOR. Because of 
System X's inherent ISDN capability, the 
designers knew that there would bea 
great increase in the number of call 
attempts caused by the inclusion of data 
transmissions. Unlike voice links, data 
canbe sentin very frequent, very short 
bursts. Bul each data transmission is still 
acall, as far as the switch is concerned, 
and has to be handledjust like a voice 
transmission. 

Each System X processor was 
therefore designed to cope with up to one 
million busy hour call attempts (BHCAs) 
and more if needed. It achieves this 
processing power by using standard : 
components in an unusual architecture, in 
which up to four central processing units 
are close-coupled, sharing common 
memory. These clusters, as they are 
called, can then be loose-coupledina 
group of up to eight clusters—sucha 
switch size would handle 2 million 
BHCAs. 

The CENTRAL PROCESSOR UNIT 
CLUSTER processes all the information 
needed to pass a call through the 
exchange. It introduces great flexibility in 
handling; for instance it can dictate 
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changes toline allocations, so that known 
heavily used lines are allocated greater 
access to concentrator. Always under the 
control of an operating system, the CPU 
runs background maintenance and 
diagnostic checks in between processing 
calls. Inthe event of a CPU failure, the 
remaining CPUsin the cluster can 
maintain service because they have 
common memory access. 

The DIGITAL SWITCH connects all 
the subsystems. Its main functionis to 
switch 64Kbps paths, although itis also 
capable of switching up to 34Mpbps. It 
handles common-channel signalling, and 
interworking signalling from the remaining 
analogue exchanges. All signal path 
setups are decided by an internal 
microprocessor and are then duplicated 
within the switch. This ensures continuity 
of service in the event of path failure. 

The PROCESSOR SUBSYSTEM 
(PS in Figure 3) decides the operation of 
the various subsystems, using software 
programs to control call processing, 
system overload and maintenance, and 
generates management and operations 
Statistics. 

The SUBSCRIBER SWITCHING 
SUBSYSTEM (SSS) accepts and 
analyses incoming calls, and 
concentrates them into high-traffic 
common circuits at the local exchange. 

The DIGITAL SWITCHING 
SUBSYSTEM (DSS) interconnects these 
circuits. 

The MESSAGE TRANSMISSION 
SUBSYSTEM (MTS) carries out 
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common-channel signalling functions, 
and provides error correction. The 
modules use normaily two, sometimes 
four, signalling links, routed via a spare 
timeslot (usually TS16). In heavy traffic 
signalling messages are repeated to 
ensure their transmission, and the whole 
module operates within a choice of three 
hardware routes, to minimise loss or 
failure. In light traffic, the unit transmits 
signals which allow synchronisation to be 
checked and gives local status 
information. Analogue signalling links 
terminate here, via modems. 

Not only are outgoing and incoming 
messages queued here, but message 
information is stored in case any internal 
signalling link fails. In this case, the 
information is re-transmitted over one of 
the alternative internal links. 

Voice transmission, by its nature, 
contains redundancies. Synchronisation 
is notas critical, since some information 
can be lost without the (human) receiver 
noticing any difference. 

But synchronisation is essential ina 
network which carries data, since loss of 
even one piece of information could turn 
the message into garbage. To avoid this, 
‘one of the modules is responsible for 
keeping the exchange 2:048MHz master 
clock in synchronisation first with other 
master clocks and ultimately with the 
reference clock for the whole network. As 
aback-up, System X provides buffer 


stores at the receiving end of each link, so 


asmall amount of drift, either phase or 
frequency, is catered for. 











The SIGNALLING INTERWORKING 
SUBSYSTEM (SIS) interfaces the 
exchange to the different signalling 
‘systems in other types of exchange, with 
the exception of MF, whichis terminated 
separately but ina similar way. 

This subsystem also provides 
recorded announcements and standard 
tones. 

Incoming signals are converted to 
S16 format for analysis and processing, 
and up to 900 circuits can be handled by 
each TS16 unit. 

The ANALOGUE LINE 
TERMINATING SUBSYSTEM (ALTS) 
converts analogue transmission signals 
into a digital format, and digital to 
analogue, to allow existing analogue 
exchanges to be used until they are 
replaced by digital systems. 

The NETWORK 
SYNCHRONISATION SUBSYSTEM 
(NSS) ensures that the exchange 
operates within the binary rate tolerance 
of the network. 


The Software 

The software used in the networkis 
also modular, under the control of a 
central operating system which allocates 
time and storage to the various 
applications modules, and acts as 
timekeeper and messenger. 

The CENTRAL PROCESSOR UNIT 
controls the working of all the software 
subsystem processes on the basis of 
Priority. Each process can bein one of five 
states: 

RUNNING (being carried out by the CPU) 
SUSPENDED/INTERRUPTED (paused, 
for higher priority processing) 
SUSPENDED/UNBLOCKED (waiting for 
space on the CPU) 

BLOCKED (process has finished) 
TRAPPED ({aullt prevents further 
operation). ; 

The CPU deals with one process ala 
time. At any time it can be instructed to 
suspend and store —‘nest'—the activity 
because a higher priority processis ready 
to be dealt with. By constantly monitoring 
the priority of suspended processes, and 
dealing with the highest first, the CPUis 
designed to handle all the subsystems 
with efficiency and maximum throughput. 
And, unlike humans operating under 
these conditions, the CPU actually does 
get those lowest priority jobs done! 

The CALL PROCESSING 
SUBSYSTEM (CPS) deals with network 
routing, route selection, route 
supervision, numbering, control of user 
facilities. 

The CPS receives and stores the 
incoming message (irom the MTS), 
earmarks an area of memory for acall 
supervision record, and requests the DSS 
toconnect the incoming circuit to an 
outgoing one. When the circuitis 
completed, the messages erased, 
although the call supervision continues 
until the circuitis cleared. 

The OVERLOAD CONTROL 
SUBSYSTEM (OCS) monitors processor 
activity. Abnormal overloads could cause 
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failure in the central processor, or 
problems in the network. If the number of 
call attempts is more than the processor 
can handle, newly-arriving calls canbe 
rejected instead of being allowed to clog 
up the queues. This means that the 
number of successful calls—those 
already in the queue —is maintained at an 
optimum level, and a greater throughput 
is achieved. Successful connections earn 
money; rejected callers will usually try 
again. 

The MANAGEMENT STATISTICS 
SUBSYSTEM (MSS) interfaces with 
other subsystems to collect information 
forlater analysis on such useful 
parameters as traffic intensity, route 
usage, call failure, calls in different tariff 
bands, and local congestion. 

The MAINTENANCE CONTROL 
SUBSYSTEM (MCS) monitors the 
system's operation, identifies actual or 
possible faults, isolates faulty sections 
and generates reports for maintenance 
staff. A number of automatic tests can be 
generated, including checking subscriber 
lines and exchange interconnections. 

The OPERATOR SUBSYSTEM 
(OSS) enables operators and 
maintenance staff to communicate with 
the system, and supports printers and 
data links for the system to ‘talk’ back. 

Even System X still needs human 
beings occasionally. Operators now work 
in normal offices, and they can be some 
distance away from the main exchange. 
Afterall, why pay for prime city-centre 
office space when the technology allows 
them to be out-stationed, maybe even 
with a view of trees rather than traffic? 
Their work is controlled and presented by 
an operator services subsystem, which 
allocates priorities to all incoming calls. 
Each operator has a monitor, a keyboard, 
anda headset, and full details of the next 
call are presented on-screen (and to the 
headset) by the operator services 
subsystem. The operator initially has 
access to all the facilities likely tobe 
required by the caller, and the softwareis 
designed to make processing acallas 
quick and efficient as possible. 

The receipt of an emergency call, for 
instance, will produce a list of all the 
possible local emergency service names 
and telephone numbers; the operator 
simply selects the correct service from the 
menu and the system takes over the job of 
connecting the caller. 

Processing directory enquiries has 
also been automated to a greater extent 
than before. The operator has access to 
the database of telephone numbers; once 
the required number is located on the 
screen, the tap of akey frees the operator 
to take the next call, andinvokesa 
recorder voice which clearly and patiently 
tells us the number we want. 

Other databases exist. The operator 
can enter an exchange name, and the 
system will translate this into its dialling 
code. Freephone names are similarly 
translated automatically. And if your 
telephone credit cardis invalid, the 
operator will soon find out. 
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Photo 4. Removal of old uniselector. 


Network Upgrading 


The modular structure enables 
enhancement of specific subsystems 
without disturbing the rest of the network. 
Since so much of the networkis 
software-controlled, system upgrades 
tend to bein the software rather than the 
hardware. 

Upgrades are already being 
installed. The most noticeable 
improvement has been in the reduced 
time taken to restore service after a CPU 
crash. Early systems had to re-program 
each concentrator in sequence —based 
on PROMs, re-programming each 
concentrator took about 10 minutes andit 
could be hours before all the 
concentrators controlled by the CPU were 
ready. Newer systems re-program all the 
concentrators in parallel and the local 
network can be up and running againin 
about 30 minutes. CPU crashes do 
happen, although the stability inherentin 
the design more than meets the national 
standards. 


System Maintenance 

Test and maintenance is monitored 
and controlled at regional centres (oursis 
done via a VAX in Bristol) with access via 
aterminalin each local exchange. So 
access to ‘our CPU atGloucesteris viaa 
data link to the Vaxin Bristol, and a further 
link back to Gloucester. 

In the old electro-mechanical 
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exchanges, the worst that could happen 
was a total exchange power failure, which 
was almost unheard of, The weakness of 
the new networkis thata software fault 
could, in the worst case, affect 
subscribers in a much larger catchment 
area. In practice however, an 
accumulation of faults shouldsesultina 
controlled reduction of quality of service, 
rather than a system shutdown. 

Our local BT maintenance engineer 
was however pleased with the reliability of 
our exchange. It has a very low failure 
rate, and he had only made four 
maintenance visits in the three months 
before our visit. The exchange ‘spares’ — 
three spare line cards and one of 
everything else—are keptin one 
cupboard! 


So, is Digital Desirable? 

Itcertainly seems to be user-friendly, 
flexible and reliable. Many of the items on 
my personal wish-list for communicating 
with the outside world are now available. 
But there is still one at the very top of the 
list—when will an ordinary domestic 
telephone tell me whois calling BEFORE 
\pick up the handset. 
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A readers forum for your views and comments. 
If you want to contribute, write to: 


Sky Flies High? 


Dear Sirs, 

was surprised that you don't 
check up on the information 
supplied by advertisers. |assume 
that the article was supplied by the 
PR department of Sky and printed 
without any question? Perhaps in 
yournextissue you will correct 
some of the glaring errors from 
yourarticle. | would suggest that 
you point out that Sky is probably 
worse than a terrestrial based 
Station for repeats and choice. On 


atypical Sunday tea-time the three- 


non-subscription channels of Sky 
may well have Sport (Cricketon 
‘Sky One), Sport (on Sky Sport) 
and Sport News (on Sky News). At 
the same time of day the only other 
non-subscription channel 
transmitting, MTV, has teenager 
orientated Pop Music. The only 
othernon-subscription channel, 
The Children's Channel, only 
transmits in the mornings. The 
remaining English language 
channels, Screensport and the 
afternoons only Lifestyle, are both 
subscription channels. 
Unfortunately, housewives cannot 
subscribe to Lifestyle. The only 
way to obtain itis to subscribe to 
Screensport and getitfreein the 
package. Thisis no doubt avery 
good offer for the ladies (I don't 
think)! The rest of the programmes 
have French or German or 
Scandinavian or even Japanese 
sound or don'tuse PAL or they're 
scrambled for all or part of the day. 
Whatan offer! And as for the next 
sixteen channels on Astra 1B. 
There's arumour that Super 
Channel and Discovery might be 
there. Maybe even BBC Europe, 
but scrambled. The rest won'tbe 
English. That's nothing like the 
rosy picture your article paints, by 
any means, is it? But despite it all, 
there is some good news for British 
expatriates, BBC is supposed to 
be trying to find a DTH satellite. 
When I phoned TeleCiub to ask if 
they were going to be able to send 
original and dubbed soundon 
films, as they have four sound 
channels available (they said no!), 
they did say that only one 
American film distributor is 
hanging out to prevent Sky and 
others selling decoders to British 
Nationals and British Servicemen 
abroad and that after 1992 it might 
even be illegal to discriminate on 
grounds of nationality! Until then— 
thank goodness that Intelsat 6 
comes in with a 1m2 dish! Hoping 
toread something more accurate 
in future. 

Peter Bendall, Germany. 

P.S. When my daughter's Astra 
System was installed in UK last 
month, the installer asked if she 
could understand German? “You'll 
need it” he said. He's right, there’s 
lots more in German. 


Thank you for your comments, 
however your assumption that the 
article was supplied by Sky TV's 
PR departments incorrect. The 
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on Video Projects. 


STAR LET-T-E-R 
This issue, R. Follet from Berkshire 


receives the Star Letter Award of a 
£5 Maplin Gift Token for his letter 








Video Projects Please 


DearSir, 

You will appreciate that this letter is 
motivated by my own selfish 
wants, but | would like to suggest 
an area of activity to be includedin 
the Maplin Magazine. If was to 
pick one aspectof the Maplin 
Magazine that | like it must be that 
when you pick a subject you do it 
in-depth and in a manner thatis 
easily understood. My interestis 
video photography and | would like 
to know about andindeed 
construct the following. 

1. How does a Timebase corrector 
(TBC) work. Why are they so costly 
(upwards of a£1000). 

2. Whatis needed tomakea 
broadcast spec PAL encoder 
taking an analogue RGB input 
(£3000). 

3. Genlock. How can acomputer/ 
video recorder/camera be 
genlocked (all prices). 


KRKKKK KK 


article was researched and written 
by our consultant author Alan 
‘Simpson, who also writes for 
several daily newspapers. 
Everyone is entitled to their own 
purely subjective tastes in viewing, 
ityou don'tlike the programmes, 
you don'thave to watch them. You 
may be interested to know that 
Maplin have introduced anew 
range of satellite systems; witha 
choice of dish sizes and LNB's, 
complete with fully steerable 
mount. These systems will receive 
‘most of the European satellites, 
including Astra, that way youget 
the best of both worlds, goodidea 
eh! 








4. How to construct a frame; store 
mixer. This would overcome the 
need for genlocked sources, also 
other effects would be applied at 
this stage (£1000 upwards). 

From the above list you will note 
that each one is very expensive to 
buy and I donot know why, it 
cannot be component cost. A 
series of in depth articles followed 
by constructional details would 
make me very happy! | am aware 
that you can only consider articles 
thata high percentage of your 
readership would find interesting 
and construction kits must be a 
viable proposition. But there is an 
increasing number of camera 
owners and some of them will be 
readers. 


What better motive to builda 
project than ‘it's cheaper’? Thank 
you for some good suggestions, 
they've been passed onto ‘the 
back room boys’ in the lab. 


TO ROOK ek 


Kit Ideas in Print 


DearSir, 

lam an avid kit builder and 
computer user, and | have found 
printer buffers drastically 
overpriced. So, | would like to. 
‘suggest that you bring a parallel 
printer buffer onto your range of 
Projects and modules. Lastly, well 
done Maplin for getting your 
Cashtel system working, thougha 
few more lines would be useful. 

A. Howat, Southport. 

What a good idea! Obviously the 
bulk of the project cost is contained 
inthe RAM IC's (prices of RAM 
IC’sare index linked to the 








The Editor, ‘Electronics — The Maplin Magazine’ 
P.0. Box 3, Rayleigh, Essex, SS6 8LR. 


international rice index), even so, a 
project offering the facilities found 
on commercial printer buffers 
would be reasonably priced. Iwill 
make use of ournew internal 
memo system to let the ‘lads in the 
lab’ know about the suggestion. 
Now where did I leave my mallet, 
chisel and stone tablet? 


Current Confusion 

Dear Sir, 

Don't you think your ‘Square One’ 
article is a little confusing for 
beginners? Mr Dixey states “It 
doesn't actually matter that much 
which direction is assumed for 
current flow...”. feel | must 
disagree. Itis important that 
electronic engineers work to 
established standards. It would 
make work among engineers 
almost impossible if some insiston 
using conventional notation, while 
others use electron flow. Imagine 
the chaos if one engineer started a 
project, and then handed itoverto 
another for completion, and both 
used different means of notating 
their diagrams. 

Virtually all text books use 
conventional current flow as the 
‘standard for indicating direction of 
flow. Take a look at the diagramsin 
your ‘Switched Mode Power 
Conversion’ series. Any good 
engineer will immediately 
fecognise what the arrows indicate 
—I|doubtif this would be the case if 
the arrow-heads were reversed. 
\tis important that those setting out 
in electronics establish good 
practise from the start. By 
‘convention’, we use ‘Conventional 
Current’ in diagrams. 

B. Adams, Co. Antrim. 


Comment noted! We certainly 
agree that virtually all text books 
and engineers use conventional 
current flow and we hope that the 
comment hasn'tcaused too much 
contusion. Afterall, the name 
conventional current flow 
immediately implies that itis the 
standard convention. However we 
would like to make two points, itis 
as well to know that the ACTUAL 
direction of electron current flowis 
opposite to that of conventional 
current flow; especially when 
examining the principle of 
operation of semiconductor 
devices, e.g. BJTs, FETs, etc. 
Also, that once most people are ‘in 
the know’, they will quite happily 
swap between the two, as and 
when the situation dictates. 
Otherwise it would be a bit like 
ignoring the fact that the 
continentals drive on the opposite 
‘side of the road! 


Oh, What a Bind! 

DearSir, 

Electronics No. 39 duly arrived and 
I really must congratulate you on 
the general tenor of the contents. It 
gets better every month; BUTit's 
getting so good I'll be keeping 
them for reference: may even bind 
them...andyetyou ask the reader 
to ruin it by putting the Order 
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Coupon on one side of asheet, aphrase ‘nota jot of peopie know. ajor Consideration of the price is only one trigger and you have to 
and an important part of agood that!’ Full details of the binders lifferentialis due tothe purchasing | keep stopping tochange the pitch. 
article on it's back side. Ifthe order can be found on the inside front power that Maplin has andthe high | Theobvious solution tothis 
formis used, the articie is ruined. cover of this issue. turnover of battery stock, we buy problem is to build several 

Why not print an order form (ifyou 3 batteries in 4-figure quantities Syntoms, but costis a major 
must) and print on the back side Swiss Swizz direct from the manufacturer. In drawback. | was wondering 
‘somehow less important ‘articles’ DearSir, contrast your local jeweller will whether someone may have come 
—e.g. the cure for indigestion and Waich batteries—I recently havea dramatically lowerturnover | upwithasystemofhaving, say, 4 
classifieds which won'tbe needed a new battery fora cheap of battery stock, probably only triggers connected to one main 
importantafteraweekorso.Bythe | digital watch and ata local jeweller buying ten or twenty batteries ata ‘Syntom where each trigger caused 
way, a TRUEstory.Rememberthe | wascharged£2.50 forthe time froma wholesaler or a different pitch to be produced. 


pre-war joke of “they laughed al 
me when | sat down and played the 
Moonlight Sonata" —now modified 
to"...until they saw my logbook”. 
Well! recently bought an 
expensive transceiver. The sales 
person said “we like to know alittle 
about our customers, what 
technical magazine do you 
prefer?" ‘Electronics—The Maplin 
Magazine’ says |. He laughed 
until... 

Anon, 


replacementto fit myself. Thinking 
this excessive for a small silver 
battery, | looked up the price of an 
equivalentin the Maplin 
Catalogue. It was 20 pence!! The 
explanation given by the jeweller 
when I complained was that he 
only supplies “high-class leak- 
proof Swiss-made batteries”, 
whereas the catalogue 
equivalents are “Hong Kong junk” 
—his words. Ifind this hard to 
believe and would like to know. 


distributor, who in turn obtains their 
supplies from an importer. Itis 
clearly a case of cutting out the 
middle man, consequently the 
saving is passed directly onto you, 
the customer. lam sure that most 
people will agree that Swiss watch. 
engineeringis the bestin the 
world; but when itcomes down to 
basics, the active chemicalina 
silver-oxide battery is the same 
wherever the battery is made. 


Unfortunately there were only 
minorimprovements. Perhaps one 
of your experts could have ago? 
T. Field, Gillingham, Kent. 


The Syntom, although 
republished, has not been 
drastically modified and the single 
trigger input is inherentin the 
design. It was originally intended 
that rather than designing an ‘all 
singing all dancing’ multi-drum 
unit, a simple and cheap single unit 


whether there are large quality Syntom Revisited could be designed. Then, if 
We do not want you to have tocut differences in such a simple Dear Sir, drummers wanted multiple drum 
up important articles either! battery or are the jewellers Iwas pleased to see the return of setups, several units could be built 
Wherever possible we try to perpetrating an enormous rip-off the Syntom Drum Synthesiser atreasonable cost. Ifwe publisha 


ensure thal coupons, etc, donot 
back onto feature articles or 
projects. Unfortunately, itdoesn't 


on an unsuspecting public? At 
another jeweller in the same town! 
was asked for £3 but this did 


project in the June-July issue of 
‘Electronics’ magazine and was 
hoping to see an improvement to 


new electronic drum synthesiser, 
we will incorporate the latest digital 
techniques and include a MIDI 


always work out that way. Youalso | include fitting. The Swiss battery ‘overcome the only annoying interface and utilise sampled drum 
mentioned binding your supplied was a Renata 364; the feature of the unit. Although the sounds rather than using synthesis 
magazines; lam sure that you will Maplin an SG1. These are both Syntom has many and varied techniques. If any readers have 


be pleased to learn that top quality 
‘Electronics’ binders are now 
available for only £5.25 and to coin 





equivalent to the original US-made 
RW320. 
J. Bolton, Herts. 





settings you can't do a progression 
down through pitch levels as you 
can with areal drum kit, since there 








suggestions for electronic musical 
projects, MIDI projects, etc., 
please write in. 
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Mryreiortys DUM WINS ko 
Do you Enjoy your work? TWENTY KITS 
SE —— EELS EE ee 
Or would you prefer to 
Work at what you enjoy? POSTION -—_—DESCRPTIONOFKIT .ORDERAS. PRICE DETALSIN 
If you are an electronics enthusiast and looking for an interesting 1. (1) MOSFETAmplifie .. LNSIF £1995 Magazine 41. (XAAIU) 
career with a future, Maplin has the answer. 2 (2) a Digital Watch FSIBU- £198 Catalogue ‘St, (CA08L 
Rive currenti have vacancies for 23) LiveWire Detector LK63T £295 Projects 14 (KAIAQ) 
y 4 (8). CarBattery Monitor. LK42V.» £895. Magazine 37. (XA37S) 
TECHNIC. AL 5. (8)  LNG86 Amplifier IMTGH £375 Magazine 23 (XA23G) 
& (5) @  URProx.Detector LMI. 8.95 Projets. 20. (KAZONN) 
1. (I © USonioCarAlsrm- “LKTES. £1995 Projects» 15 (XATER) 
SALES STAFF te tin, AN 8 
(i fer Wee aloque 
At BRISTOL, MANCHESTER 1 0)» © BAMMotorDiver <LXS” £955 Profeds. 12 ORANZN) 
cae Li Ben i A ene 
% 8 4 3 * fio Ma lagazine 
These vacancies are being created as a result of the Maplin expansion 12) (20) Watt Watcher LNSIM. £495 Magazine 27 (XAZTE 
Eros eto Yad eos UD (are esting Bissen 14. (14) MiniMeta! Detector © LM35Q. £525 Magazine 25 (KA25C 
nee : : 15. (15) -CerDigitalTacho. "_ LKTSL_ “£1995. Magavine 37” (KA3IS) 
AS RES bts eC In An aor) Se 16 (19) Laser PSU WMT? £8895 Magarine 25 (KANG) 
Pane ea ena ele ee ae 17. (13) -SrenSoundGeneralor MAD £425 Magazine 26 (XA26) 
BEI pret ce ey fen 18 (7) © SWAmplfer YOUW £675 Catalogue 91 (CARI 
TUE reese genio aa fo Savy puke ood LN a LE £985 © Catdogue “31 (Coe 
salizy jith commission aisd w realistic pension scheme. a 4H ReoPlayback LM80B £3695 Magazine «30 {XA30H 
Apel in woting enclosing CV, to; Davi Soond, ¥-O."Bax 2, (Over 80 other kits elso avaliable. lis supplied with instruction. 
Rayleigh, eos ities S, snfacusbon, ing 0702 See a The descriptions are necessarily short. Please ensure you know exactly what the kitis and 
‘If you are seeking an interesting career in a High Tech environment what it comprises before ordering, by checking the appropriate project boot, magazine or 
(ecu ge catalogue mentioned in the lstabove 
NOW! 
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M aykegoi tes, ELECTRONICS 


P.0. Box 3, Rayleigh, Essex SS6 8LR. 
Telephone, Credit Card Sales (0702) 554161; Enquiries (0702) 552911. 
4 steecipont cose cornezy toa one eB pC ETS 





ORDER COUPON 


Peyomecmcpeqceyarcenmensne Dale 








Customer No. 





Name ... 





Address ... 








. PostCode . 
ITIS MOST IMPORTANT THAT YOU INCLUDE YOUR POSTCODE 














On oceasion Maplin Electronics may petmit other reputable companies to 
make offers of products or services which we believe will be of interest to our 
‘customers. If you do not wish to receive this information please write no in the box. 





= 


"Please enter catalogue page no. where item appears. 





notin catalogue, write Mag for Magazine or SO for Spec Gttrs ete 


Block capital letters please. Keep a copy of your order, 


'fnot using 199} catalogue, enter date ol catalogue here: 19. 











Price Change Leaflet (Piease write 1 in quantity, if required) 





Description (for your information only) Page" Order Code | [Quantity| Price Esch | © Total p |» Camage 
arge 
clals|s |i] FREE 62 lol. Fe 























































































































Total this sheet 




















Total other sheet(s) 
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el 
| | including Channel Isles = 
iirc plesceceauct | | caca|po 
VAT where applicable 
PHONE BEFORE | and tick this box. Total 
[AMERICAN] com FOR SAME 
ess OAY DESPATCH | ExportOrder | = 






























Camage charges forge. tateary tems 2s 
Stownine: lata in Poaneeds 85 y 
readonly pay $5 Max Car Ger oxter £5} 





el 








authorise you to debit my credit card account for the cast of goods despatched. 

























































































DedictvevectCredtNote| Carriage Char 

Grecit Card Naber | | | | | Enclose the rubered Credieh is oda. BD e125 od 
Deduct value of GE Token No = Bes 
Access/American Express’Visa’........ wnses Delete as required. J Encinse Gia Token wh orcs G s225 
Note. Goods will be despatched only if the address above is the cardholder's address. auctiaael @D e275 

8 Handing Cr = 

ordering by credit card please sign: Tris amount must be atdech rte placed 1 00 i ae 
" : : G e450 
Total £ IE eso 


Expiry date of Credit Card.. 
December 1990 Maplin Magazine 
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TOP : TWENTY 


BOOK: CHART : 


These are ourtop twenty bestselling books based on mail orderand shop sales during Au 
t alline e igustand Se; 
Our own magazines and publications are not included. The Maplin order code of each book is aeeawesnes 
with page numbers for our 1991 catalogue. We stock over 250 different titles, covering a wide range of electronics 
and computing topics. 


16 How to 
Berign and Make 
Your Own POEs 
A 
A 
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This book contais 32 
cabinet designs om 
small-sized basseflex 
cabinets to multway 
power systems. 
(WM82D) Cat. J0. 
Previous Positit: 1 


Price £9.39! 


Getting the Most from your 
Muhimecer, by RA Pentcld. 
(WPSIC) Cat P74. Previous 
Position:2 Price £2.95. 


How to Design and Make Your Own, 
POBsbyRA Penfold (WK6ST) 
(Cat P73 Previous Position: 17 
Price £2.50. 








How to Expand, Modify and Repair 
PCsand Compatibles, by RA. 
Penfold. (WXS5D) Cat P33 Previous 
Position New Enary. Price £4.95, 


10555 Projects, byE A Parr 
(LYO4E) Cat. P78. Previons 
Position 3. Price £2.95. 





| | ov 
ay 
A v 


A 
A 
A 





AConcise Advanced User'sGuide | international Transistor Ealents | More Advanced Power: 


toMS-DOS,byN.Kantaris(WSHX) | Guide,by Adrian Michae Projects. byRA Pentold (WP22A) | Practical MIDIMandbook, byRA. | Mansal by bow. (WEE 
Cat. PS1, Previous Position: 5 (WGSIE) Cat. P70. Prev (Cat. P77, Previous Position: 7 Posiia (Ws eat PS Caras Previous Poorer 
Price £2.95, Position: 8 Price £3.95. £295. PreviousPostion 13 Price ts, | ReEnuy.Pricets65, 





How To Use 
14 ‘ane 





‘The Maplin Flectronic Gucuits 

Handbook, by Michael Tooley. How tose Op Amps, 

(WT030) Gat, P73, Previoas GWASo|ee Pi bem 

Position: New Entry. Price £10.85. Position If Price £2.95. Previous Postion: 19 Price £4.50. 








Power Supply Projects. by RA. 
Penfold (XW20G) Cat P77 Previous 
Postion ¢ Price £250. 
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A COMPLETELY NEW DIMENSION IN SOUND QUALITY! 


Fully tested and aligned 
Ready to install into almost 


any modern colour TV set 


The Maplin NICAM 728 Decoder converts the 
additional digital code present’ in the TV signal to 
ahigh quality stereo soundtrack with a quality 
similar to that of Compact Disc. 

This fully working system is based upon ia 
the Toshiba NICAM chip set, and comes 


ready assembled. 






Upgrades almost any modern colour TV set— 
no need to purchase a new TV set or VCR! 








9. Black Hal Dum, C: 
Rowrisge. Caldback and Beimont 















Features 

* Single +12V power 
requirement 

* Automatic audio 
switching (Mono- 
Stereo-Bilingual) 

* British Design 


* Reverts to FM audio if 
NICAMis not present 

* High Quality Optimum 
Performance without 
any additional IC's 

* NICAM mode 
indicators 








Issues 34, 35 & 36 of the 
Maplin Magazine contain 


full details of the NICAM 
decoder and the NICAMTV 
tuner projects. 

Order codes: 

XA34M price £1.00, 
XA35Q price £1.20, 
XA36P price £1.20. 
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Television 


The World's most 
advanced high 
quality stereo 

system for land- 

based television! 


| TELEVISION ENGINEERS 


This price available to trade only, ring 0702 
554171 and quote AMOOA special 250 off deal 
reference: Electronics. 

Trade: 1 off—£95.60, 10 off—£75, 50 off— 
£69.50, 250 off—£60 plus VAT each. 

Normal Retail Price £109.95 (Inc. VAT) each 
(Order Code AMO0A) 


Initial availabilty imited— book yourorders now! 


ELECTRONICS 


CREDIT CARD HOTLINE 
PHONE BEFORE 
SPM FOR SAME 
DAY DESPATCH 


in Birmingham, 
Nottingham, 
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ALL PRICES INCLUDE VAT. 
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ONLY £9.45 





